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Lofi gidi thi£u 


A J uac ta dang bubc vao then ky cong nghiep hoa, hien 

1 V dai hoa nhdm dUa Viet Nam trd thanh nude cong 
nghiep van minh, hien dai. 

Trong su nghiep each mang to ltin do, cong tac ddo tao 
nhan luc luon giuvai trd quan trong. Bao cao Chinh tri cua 
Ban Chap hanh Trung ucfng Dang Cong san Viet Nam tai 
Dai hoi Dang loan quoc Ian thut IX da chi ro: “Phat trien 
giao due va dao tao la m6t trong nhCrng dong lire quan.trong 
thuc d^iy su nghiep cong nghiep hoa, hien dai hoa , la dieu 
kien de phat trien ngudn lire con nguefi - yeu to co ban d£ 
phat trien xa h6i, tang tnrcmg kinh te nhanh va ben virng”. 

Quan triet chu truong , Nghi quye't cua Dang va Nha nubc 
va nhan thde dung dan ve tdm quan trong cua chucmg trinh, 
giao trinh doi vbi viec nang cao chat luc/ng ddo tao, theo de 
nghi cua So Giao due va Ddo tao Ha Noi, ngay 23/9/2003, 
Uy ban nhan dan thanh pho Ha Noi da ra Quye't dinh so 
5620/QD-UB cho phep Scr Giao due va Ddo tao thuc hien de 
an bien soqn chucmg trinh, giao trinh trong cac tru&ng Trung 
hoc chuyen nghiep (THCN) Ha Noi. Quyet dinh nay the hien 
su quan tdm sau sac cua Thanh uy, UBND thanh pho' trong 
viec nang cao chat luang ddo tao va phat trien nguon nhan 
luc Thu do. 

Tren co so chuong trinh khung cua Bo Giao due vd Ddo 
tao ban hanh vd nhibig kinh nghiem rut ra tut thuc te ddo tao, 
So Giao due vd Ddo tao da chi dao cac trubng THCN to chitc 
bien soqn chuong trinh, giao trinh mot each khoa hoc, he 
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thong va cap nhat nhCtng kien thutc thuc lien phu hop voi doi 
titqng hoc sinh THCN Ha Noi. 

Bo giao trinh nay la tdi lieu giang day va hoc tap trong 
cac trudng THCN d Ha Noi, dSng then la tdi lieu tham khdo 
huu tch cho cac trudng co dao tao cac nganh ky thuat - nghiep 
vu va dong dao ban doc quan tdm den van de huirng nghiep, 
day nghe. 

Viec to chuc bien soan bo chucfng trinh, giao trinh nay 
la mot trong nhieu hoqi dong thief thuc cua nganh giao due 
va dao tao Thu do de ky niem "50 nam giai phong Thu do ”, 
"50 nam thdnh lap nganh ” va hudng tdi ky niem "1000 nam 
Thang Long - Hd Noi”. 

SdGiao due va Dao tao Ha Noi chan thdnh cam cm Thdnh 
iiy, UBND, cac so, ban, nganh cua Thdnh pho, Vu Giao due 
chuyen nghiep Bo Giao due va Dao tao, cac nhd khoa hoc, cac 
chuyen gia ddu nganh, cac giang vien, cac nhd qudn ly. cac 
nhd doanh nghiep da tao dieu kien giup do, dong gop y kien, 
tham gia Hoi dong phan bien, Hoi dong tham dinh va Hoi 
dong nghiem thu cac chuong trinh, giao trinh. 

Day la Ian ddu tien So Giao due va Dao tao Hd Noi to 
elute bien soan chuong trinh, giao trinh. Du da het site co 
gang nhung chdc chan khong tranh khoi thieu sot, bat cap. 
Chung tdi mong nhqn duqc nhung y kien dong gop cua ban 
doc de titng bude hoan thien bo giao trinh trong cac Ian tdi 
ban sau. 


GIAM DOC SCI GIAO DUC VA DAO TAO 



Lofi noi dau 


A Tham dap ting yen edu gidng day rung nhu hoc tap cua gido vien vd hoc 
1 j sink cdc trudng trung hoc ndng nghiep trong tinh h'mh mdi, gop phdn 
ndng cao chat litomg ddo tqo todn dien, chung tdi bien soqn cuon gido trinh 
“Thuy luc” vcri khoi litqng ndm dan vi hoc trinh (75 tiei hoc), tren cO so 
chitong trinh mon hoc dupe khoi cdc tritdng trung hoc chuyen nghiep thong 
qua. 


Gido trinh dupe trinh bay ngan gon, de hieu, tren quan diem hien dpi ve 
thuy luc, phu hop voi nhting noi dung co ban trong chuong trinh ddo tqo trung 
hoc chuyen nghiep; co bdi gidi mdu de tham khdo, bai tap ting dung de phdt 
trien them tuduy nghien ctiu mon hoc cua hoc sinh. 

Ngoai ra , cuon sdeh nay co the dung lam tdi lieu hoc tap, tham khdo cho 
hoc sinh cdc trudng cao dang, trung hoc thupc cdc ngdnh nong, lam, ngu 
nghiep cua cd nude. 

Tuy nhien, do trinh dp co hqn nen khdng tranh khoi thieu sot, rat mong 
dupe cdc doc gid phi binh gop y. 


Ha Noi, thang 11 ndm 2005 

TAC GlA 
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Bai moi dlu 


I. NHIEM VU VA LICH SUfMON HOC 

1. Nhiem vu 

Ddi tupng nghien cuu cua m6n thuy luc hoc la chat long. Chat long d day 
hiS’u theo nghia rdng, bao g6m chat long or thd nude - chat long khdng nen dupe 
(khdi lupng ridng p- const) va chat long d thd khf - chat long nen dupe (khdi 
luong ridng p const). 

Trong pham vi giao trinh nay chu yeu nghien cdu chat long d the nude, 
nhung md rdng cac kd't qua nghien cuu chat long d the nude cho chat long d thd 
khf khdng co gi kho khan. 

Thuy luc hoc con dupe goi Co hoc chat long dng dung. No la mot mdn 
khoa hoc co sd nghien curu cac quy luat can bang va chuyen ddng cua chat 
long, ddng thdi van dung nhung quy luit a'y dd giai quydt cac va'n dd ky thuat 
trong thuc tidn san xua't va ddi song. Chinh vi the ma no co vi tri la nhip cdu ndi 
giua nhung mdn khoa hoc co ban vdi nhung mdn ky thuat chuyen nganh. 

Pham vi ung dung cua thuy luc hoc kha rdng rai: c6 the ndi khdng mdt 
nganh nao trong cac finh vuc khoa hoc, ky thuat edng nghe va ddi sdng co lidn 
quan den chat long va chat khf nhu giao thdng van tai, hang khdng, co khf, 
edng nghe hoa chat, xay dung, ndng nghiep, thuy lpi... ma lai khdng ung dung 
ft nhieu nhung dinh luat co ban cua thuy luc hoc. 

2. Sd I tide lich str phat trien mon hoc 

Ngay til thdi xa xua, td tien loai ngudi da bid't lpi dung sure nude phuc vu 
cho sinh hoat ddi sdng, lam ndng nghidp, thuy lpi, kenh dap, thuydn bd... 

Nha bac hoc Acsimet (287-212, trude edng nguyen) da phat minh ra luc 
day Acsimet tac dung ldn vat nhung chim trong long chat long. 

Nha danh hoa Y - Leona Do Vanhxi (1452-1519) dua ra khai niem ve luc 
can cua chat long len vat chuyen ddng trong no. Ong mud'n biet tai sao chim lai 
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bay duoc. Nhung phai hon 400 nam sau, Jucopxki va Kutta moi giai thfch 
dirge: do la luc nang. 

Nam 1687 - nha bac hoc thien tai ngircri Anh I. Newton da dira ra gia thuyet 
ve lire ma sat trong giffa cac ldp chat long chuyln d6ng nhung phai mai hon 
m6t thd ky sau, nha bac hoc Nga - Petrop mcri chting minh gia thuyd't do bang 
bieu thuc toan hoc, lam ccf so cho viec nghidn ciru chat long luc (cha't long 
nhdft) sau nay. 

Hai ong L.Ole (1707-1783) va D. Becnuli (1700-1782) la nhung ngucti da 
dat co sb ly thuyet cho thuy kh( dbng luc, tach no khoi co hoc ly thuyet di 
thanh lap m6t nganh rieng. 

Ten tuoi cua Navie va Stoc g3n li6n vbi nghien cun chat long thuc. Hai Ong 
da tim ra phuong trinh vi phan chuy6n dbng cua chat long (1821-1845). 

Nha bac hoc Dure - L. Prandtl da sang lap ra ly rhuybt ldrp bien (1904), gop 
phdn giai quyet nhidu bai toan dong luc hoc. 

Ngay nay, nganh thuy khf d6ng luc hoc dang phat tri6n vbi t6'c do vu bao, 
thu hut su tap trung nghien curu cua nhieu nha khoa hoc noi tidhg trdn thd' gibi 
va trong nude; no can thicp hau hd't tori tat ca cac 17nh vuc dbi sb'ng, kinh te, 
qu6'c phong... nham dap ung moi nhu c£u cap bach cua ndn khoa hoc edng 
nghd hidn dai cua thd' ky XXI. 

II. KHAIQUAT CHl/ONG TRINH N0I DUNG M6N HOC 
1. Noi dung mon hoc 

Thuy luc hoc dugc chia thanh ba n6i dung ldn: 

+ Thuy tinh hoc: Nghien cuu cac tmh chat vat ly co ban cua chat long va 
nhung quy luat can bang cua cha't long b trang thai tinh va ung dung nhflng quy 
luat a'y de giai quydt cac va'n de trong thuc tien ky thu&t, san xua't va dcri sO'ng. 

+ Thuy dong luc hoc: Nghien cuu cac quy luat dac trung chuydn d6ng cua 
chat long, trang thai chay co ban va ton that nang luong trong dong chay. 

+ Tinh toan thuy luc dubng 6'ng va c6ng trinh: Nghidn ciru vd cac vtfn dd 
nhu tmh toan thuy luc dubng 6'ng co ap; chuybn d6ng cua cha't long qua 16 va 
vbi; dong chay trong kdnh ho; dap trim va dong chay qua cua c6'ng. 
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2. Phi/dng phap nghien cufu 

Trong thuy lire hoc thuerng dung 3 phirong phap nghidn curu pho bid'n sau day: 

- Phuong phap ly thuyd't: Sir dung c6ng cu toan hoc, chu yeiu la loan giai 
ti'ch, phuong trinh vi phan vdi cac .toan tu vi phan quen thuoc nhu: gradient, 
divergnt, rotor, to£n t£r Laplas, Dao ham toan phan... Su dung c4c djnh ly tdng 
qudt cua co hoc nhu dinh ly bao toan khd'i luong, nang luong, dinh ly bien thidn 
d6ng luong, m6 men dong luong... 

- Phuctng phap thuc nghiem: Dung trong m6t s6' tnrbng hop ma kh6ng the 
giai bang ly thuyd't (nhu xac dinh he s6 can cue b6, hd s6' X ...) 

- Phuong phap ban thuc nghiem: Ket hop giua ly thuyd't v& thuc nghiem. 
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Phln m6t 


THUY TlNH HOC 

■ 


Chu’dng 1 

TINH ChXt VAT LY CO BAN CUA ChXt LONG 

vA khAi ni$m v£ chXt long ly tltong 

Trpng chuong nay gidi thidu m6t so tfnh cha't dd nhdn biet, cac tfnh chit vat 
ly co ban cua chat long nhir: khd'i lufong ridng, trong lupng ridng, tfnh nen ep, 
tfnh gian no vi nhiet, tfnh nhcrt va tfnh cang mat ngoai cua cha't long. D6ng thdi 
dua ra khai niem ve chat long ly tirdng dd lam ca so cho vide nghidn curu cac 
chuong ttd'p theo. 

I. TINH CHAT VAT LY CO BAN CUA CHAT LdNG 

1. Mot so' tinh chat de nhan biet 

- Tfnh lien tuc: vat chat dupe phan b6 lidn tuc trong khong gian. 

- Tfnh dd di dong: do luc lidn kdt giura cac phan tut chat long rat yeu, ung 
suat tiep (n6i ma sat) trong chat long chi khac 0 khi co chuyen d6ng tuong d6'i 
giua cac lerp chat long. 

- Tfnh chong keo va cat rat kdm do luc lidn ket va luc ma sat giua cac phan 
tu chat long rat ydu. 

- Tfnh dfnh udt theo thanh binh chura chat long. 
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2. Khoi lifdng rieng va trong lifdng rieng 

- Khoi luong rieng: la khdi lucmg cua mdt don vi th£ rich chat long, ky hieu 
la p: 

M 

p =— (kg/m 3 ) (1-1) 

W 

trong do: M - khdi luong chat long (kg) 

W - the tich cfia't long co khd'i luong M (m 3 ) 

- Trong luong rieng: la trong luong cua mdt don vi the* tich chit long, ky 
hieu la: y 

y = — (N/m 3 ; KG/m 3 ) (1 -2) 

W 

Quan hd giua p va y: y= pg; g = 9,HI m/ s 2 


Bang 1-1: Trong luong rieng cua mot so chat, long 


Ten chdt long 

Trong luong rieng, N/m 3 

Nhiet do 

Nude cat 

9810 

4 

Nude bien 

10000- 10100 

4 

Ddu hoa 

7750- 8040 

15 

Xang may bay 

6380 

15 

Xang thudng 

6870 - 7360 

15 

Ddu nhdn 

8730 - 9030 

15 

Diezel 

8730 - 9220 

15 

Thuy ngan 

132890 

20 

C6n nguydn chdt 

7750 - 7850 

15 


Luu y: Khdi luong cua chat long la mdt dai luong khdng thay d6i con trong 
luong cua chung thi phu thudc vao vj trf ciia no. 

3. Tlnh nen ep va tlnh gian nd vi nhiet 

- Tinh nen ep: Bieu thi bang hd sd nen ep (flp. He sd nen ep la s6' giam thd 
tich tuong doi cua chat long khiap sua't tang ldn mdt don vi: 
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(1-3) 


„ 1 dW , 

A ‘ -F-4T (m/N) 


trong do: W - The tfch ban dlu cua chat long (m 3 ) 

dW - SP giam thP tich khi ap suat tang ldn (m 2 ) 
dp - Lupng ap suit tang lPn (N/ m 2 ) 

' Vf du he sP cua nude a nhidt do 0°C dP'n 20°C co tri s 6 trung binh 


“ T iooooooo mi/N: * " hi?l “ 100 ° c ’ ip suSl 500 at 131 250000000 mVN 


- Tinh gidn ncrvi nhiet: BiPu thi bang sP gian no vi nhiet (/?,) la sP the tich 
tucrng dPi cua chat long tang len khi nhidt dp tang I6n 1 dp: 

/ dW 

P,= — —■ (IMP) (1-4) 

W dt 

Vf du: Trong nhung diPu kipn thong thuemg: Diu hoa co /?, = 0,000 600 - 
0,00800; thuy ngan co (5, - 0,00018. 

Luu y: He so gian no vi nhiPt Ion hon nhiPu so vpi hp sP nen ep, song 
chung dPu la nhung tri sP rPt nho ma trong mpt so tfnh toan thPng thuong co 
thP bo qua. 

4. Tinh nhdt 

Trong qua trinh chuyPn dong cac lop chat long trupt lPn nhau phat sinh ra 
luc ma sat trong gay ra tPn that nang lupng va chat long nhu the goi la chat 
long co tfnh nhdrt. 

Nam 1687 I. Newton dua tren thf nghiPm: co hai ta'm phlng I - chuyPn 
dpng voi van tPc V co diPn tfch S va II - dung yPn (hinh 1-1.). Giura hai tain co 
mpt ldp chat long h. Ong da dua ra gia thiPt vP luc ma sdt trong giua nhung ldp 
chat long lan can chuyPn dPng la ty le thupn vPi tPc dp va dien tfch bP mat tiP'p 
xuc, phu thuoc vao loai cha't long va khPng phu thuPc vao ap suit. 

Sau do PetrPp (1836-1920) da biPu thi gia thuyet do trong tructng hpp 
chuyen dPng thing bang biPu thirc loan hoc: 

dv 

T = fjS — { N) (1-5) 

dy 

trong do:, 

T - luc ma sat trong 


13 



hd sd' nhot ddng luc, dac tnmg tmh nhcrt cua chat long; 
dien tfch tiep xuc gitia hai ltip chat long; 

gradicn van toe theo phuong y vu6ng goc vciri dong chay; 



Hinhl-]. Mirth hoq tinh nh&t cua chat long 


Luc ma sat trong sinh ra ting suat tiep r: 

r = — = (N/m 2 ) (1-6) 

S dy 

Tti (1 - 6) rut ra cong thtic xac dinh he sd nhtit ddng luc //: 

fi = —L- (NS/m 5 ) (1-7) 

s dv 

dy 

Ngoai //, con dung hd so nhtit ddng (t>) trong cac bieu thtic co lidn quan 
dd'n chuyen ddng: 

V — —m 2 /S hoac (stoc: 1st = 10 4 m 2 /s) 

P 

Cac hd.so // va u thay ddi theo nhidt do va ap suat. Nhin chung /u va u cua 
chat long giam khi nhidt do tang va tang khi ap suat tang; 

Vi du: Hd so nhtit ddng luc cua nude a nhidt dd 0°C, ji = 0,0179 con a 
100°C, /i = 0,0028; diu nhdn a nhidt dd 0°C, fi = 6,40; a 60°C, n = 0,22 va he 
so nhot ddng cua d£u nhtin„se tang ga'p doi khi ap suat tang tti 1 den 300 at. 
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do do nhdt cua chat long, ngudi ta dung cac loai dung cu khac nhau. 
Dudi day giafi thidu mot loai dung cu do do nhdt Engole thudng dung d Viet 
■ Nam (hinh 1 - 2) d6 do do nhdt Idn hem d6 nhdt cua nude. 

May gdm co binh hinh tru kitn loai 1, c6 day hinh-eSu han vao no mot 6'ng 
hinh tru bang dong thau 3. Ong hinh tru dat trong binh chtra nude 2. Trong 16 
cua ong hinh tru 3, dat mdt 6'ng bach kirn hinh non 4 de xa chat long ra khoi 
binh 16 1. L6 cua 6'ng 4 duqc dong bang mot thanh dac biet co dudng kmh 
3mm. Mu6n xac dinh d6 nhdt cua mot chat long d nhidt d6 nao do, ta rot 200 
cm 3 chat long c£n do. vao binh 1 va giu dung nhidt d6 cin thiet. 



Hinh 1-2. May do do nhcrt Engcrle 

Do thdi gian chay t 2 cua 200cm : ’ chat long do qua 16 day. Sau do do thdi 
gian chay t-, cua 200 cm 3 nude cat d nhidt d6 20°C (khoang 50 giay). 

Ty s6 t,/t 2 goi la do nhdt Engole (Ky hidu D E) 

°E = — (1-8). 

h 

Ngoai cac dom vi Stoc va do nhdt Engole, thudng gap cac don vi do do nhdt 
khac nhau, quan he giua chung vdi don vi St6c duqc trinh bay tren bang 1 - 2 
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Bang 1 - 2 


Ten dem vj 

Ky hieu 

Tri so tinh bang Stoc 

Dd Engple 

• n E 

0,0731° E - °' 0631 
°£ 

Giay Rebon 

" S 

1 80 

0,00220” S- ’ 

"c 

Giiy Redut 

"R 

o 

0,00260 ” R - 1,72 

R 

Dd Bache 

°B 

48,5 

°B 


5. Tinh cSng mat ngoai cua chat long 

Trong noi bp chit long, cac phan tu dupe bao boc bdi cung mot loai ph&n tur 
nim, con gin mat thoang chi con mpt phia, vi vay nang lupng cua cac phin tu 
tren mat thoang khac vdi nang lupng cua cac phan tu nim trong npi bp chat 
Long mpt dai lupng nao do. Nang lupng do dupe goi la nang lupng be mat, no 
ty )e vdi dien ti'ch bp mat phan each S: 

E hm = a.S 

(5 diy: ct la hP sP sure cang mat ngoii, phu thuoc vao ban chit thien nhiPn 
cua hai moi truefng tiep xuc, dupe xac dinh: 

cr= - R/l (N/m) 

Trong do: 

R - sire cang mat ngoai; 

/ - chiPu dai cua hai mat tiPp xuc. 

Vi du: Vdi mat phan each giua nude va khdng khi khi nhiet dp t = 20°C: 
cr = 0,073 N/m; doi mat phan each giura thuy ngin va khdng khi: ct = 0,48 N/m. 

n. KHAINIEM Vfi: CHAT LONG LY TUdNG 

Trong thuc tP, chit long co diy du tmh chit ccr ly nhu da trinh bay d trPn 
gpi la chit long thuc. Nhung dP thuan tien cho edng viec nghiPn curu, ngudi ta 
dua ra khai niPm chat long ly tudng (hay con gpi la chit long khdng nhdt). 
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Chat long ly tirdng la chat long co tinh di ddng tuydt dd'i; hoan toan khdng 
chong duoc lire cdt va lire keo; hoan toan khong nen ep khdng gian no va khong 
co tfnh nhdt. 


Chat long d trang thai tinh trong nhung didu kien thay ddi ap suat va nhidt 
dd binh thudng, thi the tfch va khd'i lirong xem nhir khong ddi vi khong co 
chuyen dong ndn khong co lire ma sat trong (khdng co tinh nhdt). Nhir v&y, 
chat long thirc d trang thai tinh r&t gan vdi chat long ly tudng do do co the 
nghien cuu cac quy luat ciia ch&'t long thirc d trang thai tTnh tren chat long ly 
tirdng thi ket qua thu dupe hoan toan phii hop vdi thirc te. 

Trong trirdng hop chat long thuc d trang thai chuyen ddng, vi co tinh nhdt 
nen co lire ma sat trong, co lieu hao nang lirctng do do neu dung khai niem chit 
long ly tirdng de nghien cuu thi ket qua se khdng dung vdi thuc td'. Ngirdi ta 
phai dung thuc nghiem, tien hanh cac thi nghidm cha't long thuc. So sanh ket 
qua nghien cuu ly thu yet va thuc nghiem de rut ra cac hd sd hieu chinh dua vao 
cac cong thuc ly thuyet cho phu hop vdi thuc te. 

III. VI DU - BAI TAP 
VI du 1-1: 

D£ lam thi nghiem thuy luc, ngudi ta dd d4y nude vao mot dudng d'ng co 
dudng kfnh d = 300mm, chilu dai I = 50m d ap suftt khf quyen. 

Hoi luqng nude can thiet phai dd vao o'ng la bao nhieu de ap sua't dat tdi 50at? 

He sd nen cp B =--—. — Bo qua bid'n dang ciia o'ng. 

p 20000 at 


Giai: 

Dung tfch ciia dudng d'ng: 

nd : , 3,14.03 


W = 


1 = 


.50 = 3,53m 2 


4 4 

Tb cong thi'rc (I - 3), trong dieu kidn cu the ciia bai toan, he so nen ep /? ;) 
diroc tinh nhu sau: 

1 AW 


(W + AfV) Ap 


Trong do: 

A W- lupng nude do them vao; 
Ap - dd tang ap suat. 


2 GTTL-A 
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AW 


PJV^P _ 1 

1 - P p Ap 20000 


3,53.50 
' 50 > 

v 206)00 , 


0,00885 m* 


Hay: A = 8,85 lit 

Vidu 1-2: 

Xac dinh d6 nhort cua dSu Diezcl neii biet khoi luong riing cua no p = 900 
kghn va dd nhort Engcrle l) E - 8°. 

Gidi: 


Do nhort dong diroc tfnh theo c6ng thuc: 

0,0631 

v = (0,0731° E-) cm 2 /s 

°E 

Vdri °E = 8° ta co: v = 0,577. W 4 m 2 /s = 0,577 stoc 
Do nhort ddng lire: 

p - vp = 900. 0,577. JO' 4 = 0,00529 kGs/m : 

Bai tap 1-1 

Khi lamthi nghiim thuy luc, dung mot dircmg 6ng co ducmg kinh cl = 400mm, 
dai I - 200m, dung diy nucrc a ap suit 55at. Sau 1 gidr ap suit giam xudng 50at. 

Dap so: V = 6,28 lit 

Bai tap 1-2 

Mot be’ chtia hinh tru dung day dau hoa a nhiit dd 5°C, muc dau cao 4m. 
Xac dinh muc diu tang lin, khi nhiet do tang lin 25°C. Bo qua bien dang cua 
be chua. 

Hi sd gian ncr vi nhiet j3 ( = 0,00072— 

'do 


Dap so: h - 5,76cm 

Bai tap 1-3 

Dung may do do nhert Engcrle xac dinh dd nhort cua diu Diezel la °E = 5°. 
Tinh hi s6' nhert ddng luc cua dau Diezel. 

Trong luong riing cua diu Diezel y- 9500N/m\ 

Dap so: p = 0,0342Ns/m 2 
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2 GTTL-B 



Chifdng 2 


THUY TINH HOC 

ft 

Thuy tTnh hoc nghien cun nhflmg quy luat can bing cua chit long d trang 
thai tlnh va ting dung nhifng quy luat iy giai quyit cac van de trong thuc 
bin ky thuit, san xuit va dbi song. 

Ngiroi ta phan ra 2 trang thai tinh: 

- Tinh tuyet ddi: Chat long khong chuyin dong so vcri he toa dd cd dinh 
(gin lidn vcri trai dat). 

- TTnh tucmg ddi: Chit long chuyin ding so vcri hi toa do cd dinh, nhimg 
giua chung kh6ng co chuyin dong tucmg doi. 

I. LlTC TAC DUNG LEN CHAT LONG - AP SUAT THUY TINH 

1. Lire tac dung len chat long 

6 trang thai tinh, chit long chiu tac dung ciia hai loai ngoai life: 

- Luc khdi 1 Liang (hay lire the tfch) tac dung lin chit long ti li vcri khdi 
luong (nhu trong luc, luc quan tinh...) 

- Luc bi mat la luc tac dung len be mat cua khdi chit long (nhu ap luc khf 
quyen tac dung lin bd mat tu do cua chit long...) 

2. Ap suat thuy tinh 

a) Dinh nghTa: 

Ap suit thuy tinh la nhung ting suat giy ra beri cac luc khdi va luc be mat. 
Ta hay xet mdt the tfch chit long gidi han bdi diin tfch Q (Hinh 2 -1). Tudng 
tuong cat khdi chit long bang mat piling AB, chit long phin I tac dung lin phin 
II qua diin tfch mat cat co. Bo I ma vin gift 11 a trang thai cin bang thi phai thay 
tac dung I lin II bang luc P goi la ap suit thuy tTnh tac dung lin mat co. 
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' ' n 1 

Ap suat trung binh: P th = — 

CO 

„ AP 

An suat tai diem M: P.. = lim - 

1 ‘ ■<“-* Ac) . 

Don vi ap suat: 

N/m 2 - P" (pascal) 

lat = 9,8. 10 4 N/m 2 = 10 4 KGIm : 

= l OmH-,0 = IKG/cnr. 

b) Hal tlnh chat cua dp suat thuy tlnh. 



Hinh 2-1. So d6 xdc dtnh dp Itfc thuy tmh 

- Tfnh chat 1: Ap suat thuy tlnh lu6n ludn tac dung thing goc va huang vao 
mat tiep xuc (hinh 2-2) co the tu churng minh bang phan chung. 

- Tfnh cha't 2: Ap suat thuy tlnh tai moi difem theo moi phircmg bang nhau. 

Bieu thufc: p= p y = P = p„ (2-1 ) 

Co the churng minh bang each xet kh6”i chat long tur didn co cac canh d x , d y , 
d z , v6 cung be. Chung minh bieu thurc (2-1) khi d x , d y , d z ^ 0 (tham khao them 
[!]) 

Ta cung nhari tha'y ap suit thuy tlnh tai mot diebn chi phu thuoc vao vi tri 
cua no: 

p=f(x,y,z) (2-2) 
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Hinh 2-2. Bieu dien dp sudt thuy 
iwih vuong goe vd hudng vdo mat 



Hinh 2-3. Bieu dien dp sudt thuy 
tinh theo moi phu&ng deu bang nhau 


1L PUTTING TRINH VI PHAN CUA CHAT LONG CAN BANG (PHUGNG 
TRINH OLE TTNH) 

Phucmg trinh bi£u didn moi quan h£ gifla ngoai lire tac dung vao m6t phan 
tu chat long veri n6i luc sinh ra trong do. 

Xet mot phan tir chat long hinh hdp can bang co cac canh dx, dy, di dat 
trong he true toa d6 oxyz (Hinh 2-4) 

Ngoai lire tac dung l€n phan tir chat long xet bao gom: 

Luc kh6i: F ~ m- pdxdydz 

X Y, Z la hinh chidu lire khoi dcm vi l6n cac true x, y, z. 

Luc mat tac dung 16n phan tir chat long la cac ap luc thuy tinh tac dung tren 
cac mat hinh hdp chat long. 

Di6u kidn can bang cua phan tir chat long hinh hop la tdng hinh chiSu cua 
tat ca cac ngoai luc tren bat ky true toa dd nao cung bang khdng. 

Hinh chieu cac ngoai luc ldn true x: 

X x = P r P\ + F=0 (2-3) 

Trong do: 

F x = X p dxdydz 


P = 

t 


P 


dx dp\ 
+ — 

2 dx J 


dydz 
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dx dp'' 
2 dx , 


dydz 


Thay vao (2-3) ta co: 


£ 


dxdydz +X p dxdydz — 0 


hay: ”■ 

X - —— = 0 (2-4a) 

p dx 

Tirang tif d6'i vcri true y va z: 

Y- — — = 0 (2-4b) 

p ck 

Z--& = 0 (2-4c) 

p 5c 



Hinh 2-4. Thanh lap phuung trinh vi phdn cua chat long can 


hang 


Cac phuemg trinh (2- 4a,b,c) la nhCrng phuong trinh Ole tTnh vifi't durdri dang 
hinh chieu (do Ole lap ra nam 1755). 

Mat khac, nfi'u nhan l&n lirot (2-4a), (2-4b), (2-4c) vdri dx, dy, dz r6i edng 
nhirng phurong trinh nay, lai hi fin doi ta co: 

dp = p(Xdx + Ydy + Zdz) (2-5) 
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Vi dp la m6t vi phan toan phdn cua ap sua't p, p = const , do do vc phai cua 
(2-5) cung phai la vi phan loan phan. Nhir v&y, at phai ton tai mpt ham so: 

*L_ x; ^L-y; *L = z 
& 4" d z 

Ham s6 nhir vay goi la ham so luc va lire dupe bifiu thi bang ham s6' tren 
goi la luc co th£. Do do, chat long co th£' 6 trang thai can bang chi khi luc khoi 
tac dung len no la luc co th£. 


III. PHUONG TRINH CO BAN CUA THUY TINH HOC (PHUONG TRINH 
0 LE TINH) 


1. Tlch phan phifdng trinh Ole tmh 

D£: giai quyet m6t s 6 van de thuc t£, ta viet phuong trinh Ole tlnh dubd dang: 

( 2 - 6 ) 


dp = p 


dU , dU J dU . 

- dx h - ay H - dz 

dc dy dz 


hay: dp = pdU. 

Tich phan(2-7) ta dupe: 

p= pU+C (2-7) 

De xac dinh hang so tich phan C edn phai co di6u kien bi£n, gia su biet ap 
sua't p B cua 1 did’m nao do trong cha't long va co tri sP' ham so luc U 0 tuong urng, 
thay vao (2-8) ta co: 

C=p o -pU 0 (2-8) 

Thay (2-9) vao (2-8)\ 

P=Po+ P(U-UJ (2-9) 

Nhu v$y, dung phuomg trinh (2-9) co the xac dinh dupe ap sua't thuy tinh tai 
bat ky diem nao trong chat long, n£'u biet dupe tri s6' cua ham U va dilu kien 
bien u Q ; p c . 

2. Mat ding ap 

Mat ding ap la m6t mat tren do tai moi diem, ap sua't deu bang nhau, tit (2-5) 
ta co phuong trinh mat dang ap: 

Xdx + Ydy + Zdz=0 

Trong do: x = —»' y = ~ •’ Z - — ■ 
da cfy dz. 
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Mat tu do la mat dang ap, ap suat tac dung tren no co tri so bang ap suat 
khi quyen. 

3. Phirong trinh co ban cua thuy trnh hoc 


Xct trircmg hop chat long can bang du6i tac dung cua lire khoi la trong luc. 
Gia sir khb'i chat long dong trorig binh kin, dat trong hfe true toa do oxyz 

^ > v 

(hinh 2-5). Ap suat tac dung be mat ch^'t long la p D . Hinh chicu lire khoi len 
cac true: 


a- , y . z: X = — = 0 
d x 


Y- 

Z 


dj_ 

dy 


= 0 


aj_ 

d z 


~g 



Hinh 2-5. Sc* do xdc dinh phwcrng trinh ccthdn cua thuy tmh hoc 


Phirang trinh (2-5) trong trircmg hop khao sat a day co dang: 
dp = -pgdz = -ydz 

p = -yZ + C (2-10) 

xac dinh C vdi di6u ki6n bien la tr6n b6 mat chat long (Z 0 , p 0 ) ta co: 

C = p 0 + yZ 0 
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Thay C vao (2-10): p = p„ + y(Z a - Z) (2-11) 

Nhu v3y, vcri mot diem A bat ky trong chat long co toa do Z va o d6 sail 
h -Z 0 - Z; ta co the viet dirge phirong trinh co ban cua thuy tTnh hoc: 

p=p 0 + r h ( 2 - 12 ) 

Nghia la ap suit tai bat ky m6t diem nao cua chat long o trang thai tTnh 
bang ap suat o mat tu do cong vdi trong lirgng c6t chat long (day la mOt don vj 
dien tich, chieu cao la do sau ciia di£m do). 

4. Y nghia cua phudng trinh cd ban cua thuy tmh hoc 

a. Y nghia hinh hoc hay thuy Itic: 

Z - d6 cao hinh hoc 

— - d6 cao do ap 

7 

p 

Z n- =H - c6t ap thuy tTnh. 

r 

Tit phirong trinh co ban cua thuy tTnh hoc ta d! dang nh$n thay rang, cdt ap 
thuy tTnh tai moi diem trong mot m6i truong chat long can bang la m6t hang so. 
h. Y nghia nang luong: 

Z - vi nang don vi t 

p 

— - ap nang don vi 

Y 

p 

Z -i-= H = const - th6 nang don vi 

Y 

Vay th£ nang don vi cua moi diem trong m6t moi trudng chat long can 
bang deu bang nhau va bang cot ap thuy tTnh. 

5. Phan biet cac loai ap suat 

Ap suat thuy tTnh dirge tmh theo (2-12) la ap suci't tuyet dd'i (p t ) 

L<ay ap suat khi quyen (pj de so sanh: 

Neu ap suA't tuyet d6'i Ion hon ap suSt khi quyln ta co ap suS't dir (p d ): 

Pit = P,' Pa 
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Neu ap suat tuyet d6i nho hart ap suit khi quyen ta co ap suit chan khdng 
(Pek): 

Pvk= Pa - Pt 

6. Bieu do phan bo ap suat thuy tTnh 

Bi8u dign su phan bo ap suat theo chieu sau trong chat long. Tit phircmg 
trinh co ban cua thuy tTnh hoc p, = p 0 + yh la dang phucmg trinh bdc nha't y = 
ax + b , ta co h lucmg umg vdi ap suat tr£n mat thoang cua chit long (p 0 ), con h6 
so goc a tucmg umg trong luong rieng cua chat long va yh thay d8i theo d6 s4u 
trong chat long. 

Tur do ta co the de dang ve dupe bieu d6 ap suat thuy tTnh tuyfet doi va ap 
suat du lac dung len mat phing AB chim trong cha't long co d6 sau h (hinh 2- 
6). Bieu diln ABC va AA’B'B. 



Hinh 2-6. Bieu do dp suat thuy tinh Hinh 2-7. Bieu do dp suat thuy 

tdc dung len mat phang nghieng ttnh tdc dung len mat tru trdn ndm ngang 


Neu trudng hop mat chju ap suat thuy tTnh la m6t mat cong thi each ve 
cung tirong ttr, chi co dieu vec to bilu thi dp sua't tai cac dilm khong song song 
vdi nhau n£n phai ve timg di8m r6i ndi lai. Ve cang nhieu digm thi bigu do 
cang chi'nh xac. Hinh 2-7 ve bieu dd ap suat du tie dung l£n mdt thung hinh tru 
tron ndm ngang chura cha't long d do sau h. 

IV. TINH TUONG DOI 

Cha't long chuyen dong so vdi he toa dd c6' dinh, he toa dd theo ducrc gin 
lidn vdi khd'i chit long chuyen ddng. Luc khoi trong trudng hop nay gdm trong 
luc va luc quan tinh cua chuyen dong theo. Ta xet hai dang tTnh tuong doi dac 
trung sau: 
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1. Binh chufa chat long chuyen dong thing thay doi deu (gia 
toe a = const) 

Chon he true toa do nhu hinh ve (hinh 2-8) 

Xui't phat tir phuong trinh (2-5): 
dp- p (Xdx + Ydy + Zdz) 

Luc kh6'i: Trong lucG = mg 

Luc quan tfnh F = — ma 

ChiS'u luc khoi don vi l6n cic hfi true toa d6: 

X=0;Y=-a;Z=-g. 
do do dp= p(- ady - gdz) 

->P=~ pay- pgz+c 

Tai y = 0, i = 0: p = c = p B 



Hinh 2-8. Chuyen dong thdng thay doi deu (a = const) 


- Ap suit tai mat thoang. 

Vay, phan b6' ap suit tai moi di^m trong chat long: 
P =p a -p (ay + gz) 

Phuong trinh mat ding ap: p = const,dp - 0 
ady + gdz = 0 —>ay + gz = C 
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V&y mat d£ng ap la mat phang nghieng mot goc a: 

/tgakl; 

g 

- — < 0—> a > 0: chuyln d6ng nhanh din d£u 
g 

Cl "J .V 

- — >0—xa < 0: chuyen dong cham din deu. 
g 

*Luu y: Ung dung trucmg hop tr£n de xac dinh duoc muc nude ding len cao 
bao nhieu khi xe chura chit long chuyen ddng nhanh, chim din diu. Tim nhung 
biin phap cin thie't de dam bao vide cung cip nhien lieu duoc dieu hoa b b6 che 
hoa khi cua 6t6, may bay v.v. 

2. Binh chura chat long quay deu vdi van toe goc to = const 

Chon he true toa d6 nhu hinh ve (hinh 2-9) 

Luc khd'i: 

G = mg - Trong luc 

F 0 = m orr - Luc quan tfnh ly tam 

Hinh chie'u luc kh6l dem vi: 

X= arx; Y = ary; Z = -g 
do do: dp -p(arxdx + arydy - gdz) 

P = P~(x +y-)-pgz + C 
Tai 0: x = y = z = 0: p = c = p a 

0)2 1 7 

~^p = p — r - yZ + p „ 

£ 

Phucmg trinh mat dang ap: 

pa> 2 — -yZ-C 

Do la phucmg trinh mat paraboloit tron xoay quay quanh true oZ. 

Phucmg trinh mat thoang (mat tu do): 

P=Po 
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yZ = 0 





Hinh 2-9. Binh chita chat long quay deu (a>~ const) 

* Luu y: Dira trdn hien tirong nay ngtfcri ta che tao cac may do vong quay, 
cac he th6ng boi trcm a true, cac he thong ling li tlm, due cac banh xe, cac 6'ng 
gang, thep v.v. 

V. TINH AP UJC THUY TINH 

1. Xiic djnh ap lire thuy tTnh len hinh phlng 

Tinh ap lure P l6n dien tfch S (Hinh 2-10). Phai xac dinh 3 yeu t6: phuemg 
chi£u, tri s6' va diem dat cua P. 

Cach tfnh: tfnh dP tac dung trdn dS, sau do tfch phan tren toan 5 se duqc P. 
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- Phuong chieu: P dSv a hoeing vao mat tac dung. 

- Tri so: 

P = \dP = J pdS — J(/?„ + yh)dS = J p,dS + jyhdS = + y siner JyciS 

' v ,i v j i 

P = p Q S + y sina. y c S = S (p 0 +y h c ) = p c S (2-13) 

Trong do: 

h, -d6 s&u cua trong tarn hinh phang 
p, -ap suat tai trong tarn 

ydS = y,S - mo men tTnh cua hinh phing xet doi vcri ox 

& 

Neu p a = p t —> ap luc thuy tinh du: 

P„=rkS (2-14) 

- Diem dat: Xet truemg hop hinh phling co true doi xung. Goi D’ la diem 
dat cua P. 



Hinh 2-10. Set do xdc dinh dp iuc thuy tinh len hinh phdng 

Ap dung dinh ly varinhong: M6 men ciia hop lire (P) doi voi mot true bang 
tong cac mo men cua cac lire thanh ph^n (dP) doi voi true do. 

Lay m6 men d6i voi true x: P d y h = \ydP d 

\ 

Pj- yD=yh,S y D =yy,.sinaSy D 

\ydP a = ^yyhdS = J yyy sin adS = y sin a J y 2 dS ~ y sin aJ x 

s \ \ Jt 
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vi J x = ^y 2 dS = J a + y 2 r S - m6 men quan tfnh cua S d<5i vdi true x. 

i 

J a - mo men quan tfnh trung tarn. 

Thay cac gia tri J x vao bieu thuc trfen, ta rut ra di£m dat cua P: 

y 0 =y e +J ^ < 2 - 15 ) 

2 . Xac djnh ap liic thuy tmh len hinh cong 

(!) day ta xet mot so tructng htfp thanh cong la hinh cdu, hinh tru. Cac luc 
ph&n t6 khong song song nhau. 

Cach tfnh: Xac dinh nhung thanh phan cua ap luc thuy tfnh co phuerng khac 
nhau khong cung nam trong m6t mat phing sau do c6ng hinh hoc nhung luc 
thanh phan, ket qua se cho ta tri s6 cua ap lire thuy tlnh I6n mat cong ve tri so 
cung nhu phuctng chi£u. Diem dat cua chung thi duuc xac d|nh theo phuung 
phap do giai. 

p(p,p>. Pd; 

Xet truemg hup thanh cong S cua binh chura co m6t mat ti6'p xuc veti chat 
long, con mat kia tiep xuc vcri kh6ng khf. 

H£ true toa do chon nhu hinh ve (hinh 2-11) 
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L&y mot vi pMn dien tich dS (coi nhu phang), vi phan ap lire thuy tmh dP 

tac dung ldn dS a do s<lu h duoc xac dinh: 

dP = yh dS;dP± dS 

P t = \dP M = \rMS t =yh u S, 

\ T \ y 

P, = \dP y = \yMS t =A y S> 

\ s < l 

P ; = \dP, = j yhdS. =yV 

s z l- 

Trong do: 

S,, S v - Hinh chieu cua S len mat phang vu6ng goc vdi ox, oy; 
h, x , h, y - Do sau cua trong tarn S , , S v . 

V - The tich hinh tru co day dudi la hinh cong S, day tren la hinh chi£u cua 
S I6n mat thoang 5. (V con goi la vat th£ ap lire). 

vay: P = ^jp; + />/ + p; (2-1 6 ) 

Phuong cua ap lire thuy tTnh P lap vdi he toa do oxyz cac goc xac dinh boi 
cac cosin dinh hudng sau: 

cos(P,x) - — 

p 

cos(P,y)= — (2-17) 

P 

cos(P,z) = — 

p 

Diem dat la giao di£m cua phuong lire P vuong goc vdi mat cong. Ncu mat 
cong la mdt phdn mat tru trong nlm ngang thi ap lire thuy tTnh P len mat do lap 

p 

thanh mdt goc a vdi phuong ngang: tga — — 

P 

x 

Ap luc thuy tTnh P di qua true tSm cua mat tru iron. 

3. Phtfdng phap do giai 

Ngoai each xac dinh ap luc thuy tTnh thco phuong phap giai tfch da trinh 
bay d tren, trong mdt so trudng hop don gian ta co the xac djnh nhanh bang 
phuong phap do giai. 
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Vi du 1: Tmh ap lire thuy tinh tac dung len tim phing thing diifng hinh chu 
nhat co chieu cao h, chiSu r6ng b (hinh 2-12). 

- Phuong phap giai tich: 

Theo cong thurc (2-14), ta tinh ap luc thuy tinh du: P = yh,S 
Do siu cua trong tarn thanh be thing dung h r . = h/2 va S ~ bh. 

1 h 1 

Thay vao phuomg trinh tren ta co: P = — yhbh = y — b 

J 

Diem dat ap lire P tmh theo cong thiic (2-15): y h = y r -— 

y<s 


h , bh' 

Trong do: y.. — — va J — -, S = bh 

' 2 12 

h bh 5 2 , 

Thay vao ta co: y n — —I-— — — h 

2 12h b ± 3 

2 

- Phuong phap do giai: 

Ve bieu do ap suit thuy tinh du tac dung len tarn phing ta diroc tarn giac vudng 
ABC (day la yh, cao la h). Theo cong thuc tinh ap lire thuy tinh len hinh phang (2-14): 

P = yh S = y — hb = yh — b - Ob 
2 2 

h , , 

Trong do: 0= j'/r — - dien ti'ch tam giac bieu do phin bd ap suit thuy tmh. 



Hinh 2-12. Bieu do phdn ho dp suci't Hinh 2-13. Bieu dophdn bo dp sud't 

xdr dinh dp life thuy tmh len tarn phang xdc dinh dp hie thuy tinh ten tru trdn 


3 GTTL-A 
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Vay ap lire thuy iTnh c6 tri s6' bang trong lupng khPi chat long hinh tru co 

.... - . h 

day la bleu do ap suat (yh-)vk chiPu cao la be rong cua canh cua ( b ) 

Diem dat cua P di qua trong tarn biPu do ap sud't va vudng goc vdi mat tac 
dung (P di qua trong tarn A ABC , each A mot khoang 2/3 h) 

V( du 2: Tinh ap lire I6n tru tron co ban kmh R, chi6u dai b 
Chon h6 true toa do nhu hinh ve (hinh 2-13). P a truemg hop nay chi bao 
g6m P x va P,;Px = Pix-P 2 x dtrqc xac dinh theo bieu do ap sua't: 

P x =y2R. R. b - yR. ( R/2 ). b = (3/2) yR 2 b P : =P h +p 2 .= yV, + yV 2 = 


= Y 




— y 7 rR 2 b 
4 


vay P = Jp r 7pj 

Phuerng cua P di qua true tam va nghidng 1 goc a so mat phang nam ngang 

P, P 

m6t goc a xac dinh boi: cos a — hay sin a — — 

P P 

Diem dat cua P la giao diem cua phtrong P vuong goc v<5i mat cong. 


VI. M0T so UNG DUNG CUA THUY TiNH HOC 


1. Dung cu do ap suat 

A* 

a. Ong do dp: La mot ong thuy tinh duemg kmh khOng nho hon 10mm. Dau 
dtrefi noi vefi noi edn do ap suat, dau tren ho thong voi khi quyen (de do ap sua't 
du) hoac km dupe hut h6't khOng khi trong 6'ng ra (de do ap suat tuyet doi) 
(hinh 2-14). 


Khi noi ong do ap vao noi edn do, chat long se dang len trong ong vdri mot 
dp cao nhat dinh ta se xac dinh dupe ap sua't taj diem do: P tj = yh va P,= yh' 
Dung Png do ap dP do cac ap suat nho can co d6 chmh xac cao, do do 
nguPi ta thuftng dung Png do ap trong cac phong thf nghiem. 


34 


3.GTTL-B 




Hinh 2-14. Ong do dp Hinh 2-15. Ap kethuy ngdn kieu chdu 

b. Ap kethuy ngdn: La mot d'ng thuy tinh hinh chtf U dung thuy ng&n (Hinh 
2-15); a nhanh trai cua ong ncri n6i vdi ch6 can do ap sua't co m6t bau Ion muc 
dich di khi do, thuy ngan di chuyen trong 6'ng thi muc thuy ngan a b4u Mu 
nhu khdng thay doi. 

Ap sua't dir tai A dupe xac dinh: P^=y„ g h - ya 

c. Chan khong kethuy ngdn: 

Cau tao (hinh 2-16). Tinh ap sua't chan khong tai A ta co: 

^cka = r-ng h + y a 

d - Ap kedo chenh: Di do d6 chenh ldch vc ap sua't tai hai diehn. No la m6t 
ap ke hinh chu U (Hinh 2-17) P A - P B = (y Hg - y)h 

*Luu y: Ngoai thuy ngan ra con co tM dung cac chat long khac trong cac 
ap ke, chan kh6ng ke nhu con, nu6c v.v. 

Nhflng loai ap k£ dung chat long ndi tr£n thuctng dupe dung de do trong cac 
phong thi nghiem vcri d6 cao chmh xac cao. 



Hinh 2-16. Chan khong kethuy ngdn Hinh 2-17. Ap ke do chenh 


35 






Trong thuc te ky thuat thuomg dung cac loai ap k£ bang kim loai nhu ap k£ 
16 xo (Hinh 2-18), ap ke mang (Hinh 2-19). Cac ap ke nay cho ta ngay tri sP 
doc dupe tren d6ng h6 do la ap suit du d6i ap ke va ap suit chin khong doi 
chin khdng ki. 



Hinh 2-18. Ap keld xo hinh ong 



2. Djnh luat Patscan va ting dung thtic te 

a. Dinh luat Patscan: “Trong mot binh kin chufa chat long a trang thai tmh, 
ap suit do ngoai luc tac dung len mat thoang dupe truyPn nguyPn ven tori moi 
di£m cua chat long”. 

Xet m6t binh dung chat long diy kin bang mpt pittong co ap suit tren mat 
thoang la p a (hinh 2-20). Tai hai diem bat ky 1 va 2 a dp siu h, va h 2 ap suit 
bing: p, = p a + yh, 

Pi= Po + yh 2 

. Neii ta nen pittong de lam tang ap suat tren mat thoang len mpt lupng Ap 
thi ap suit tren mat thoang tror thanh: 

Po -Po + A P 



Hinh 2-20. Sv dS minh hog dinh luat Patscan 
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va ap suit tai cac diem 1 va 2 luc nay bang: 

Pi' = Pn + yh, =p, + Ap 

Pi' ~Po + 7 h i= p 2 + Ap 

Ro rang lupng tang ap suit Ap da dupe truycn nguydn ven dd'n diem 1 va 2. 
Vi hai diem nay dupe chon bit ky nen kd't luan trdn diy cung dung cho moi 
diem khac trong chit long. 

b. (Trig dung cua dinh luat Patscan rat rong mi trong ky thuat, dua trdn 
nguydn tic ca ban la truydn ap sua't bdn trong chat long, nguoi ta da chd' tao 
mil so loai may thuy luc: may ep thuy luc, may ti'ch nang, may tang ap, kich, 
cct, can truydn luc va truycn ding bang thuy luc... 

(3 day ta chi xet mit ung dung cu the: may ep thuy luc. So do lam vide cua 
may ep thuy luc (Hinh 2-21) gom hai bi phin chinh: mit xi lanh B va pitting ldn 
T 2 co tiet dien co 2 , mit xi lanh A va pitting nho T, co tid't didn co ( . Hai xi lanh 
thing nhau va dung chit long, mot canh tay don quay quanh true O (Hinh 2-22) 



Hinh 2-21. So do nguyen tac Hinh 2-22. So do may ep 

may ep thuy luc don gidn thuy luc don gidn 

Khi tac dung vao cinh tay don luc Q, giy ldn luc P, c t pitting nho, ap suit d 
P 

xi lanh nho la: P,= — 

ty, 

Theo dinh luat Patscan, ap sua't do pitting nho tac dung vao chtft long p, 
dupe truydn nguydn ven dd'n xi lanh Ion cung la p,. 

Ap luc tac dung ldn mat pitting ldn la: P 2 = 0 ) 2 p t 
thay pi tit bidu thufc trdn ta dupe: 
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n P, P. a>, 

P,= —-<y, hay — =- 

CD j P 2 C0 ) 

Neu coi P h a, kh6ng d6i thi mu6'n tang P 2 ta phai tang dien ti'ch mat 
pittdng I cm a> 2 . 

3. Ojnh luat Acsimet - cd sd ly luan ve vat noi 


a. Dinh ludt Acsimet 

“M6t vlt nglp trong chit long chiu m6t luc dly cua chat long thing dung 
tit ducri Idn trSn blng trong lucmg cua the tich chit long bi vat choan ch6 va goi 
la luc day Acsimet”. 

Dei chung minh, ta xet mdt hinh tru nglp trong chat long (hinh 2-23), vat 
nay chiu tac dung cua nhung luc sau: 

- Ap lire P, tac dung l£n mat hinh tru: P, = yh,a> 

- Ap luc P 2 tac dung len day hinh tru: 

P 2 - yh 2 co 

- Ap luc I6n mat xung quanh hinh tru: Co phuemg nguoc nhau va co.tri so 

bang nhau nen tridt tieu lin nhau. Tong hop lai vat chiu tac dung m6t luc day 
P d : P d = P 2 - P, - yh 2 a>-yh,co= ycoh 



hay: P d = yV 

yV la trong luong cua the tich chit long bi vlt choan ch6. 
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Diem dat cua luc day P a la trong tam cua the tich chat long bi choan ch6 
goi la tarn day. Th6ng thuemg thi tam day khong trung veri trong tam cua vat, 
chi co trong tam cua m6t vat ran d6ng chat meti trung vdrj tam diy. 

h. Dieu kien noi cua mol vat: 

Can cti vao tUOng quan gi&a lire dtiy Acsimet P d va trong luong cua vat G, 
ta co 3 trufrng hop sau (hinh 2-24): 

Neu G > P,i - Vat chim xud'ng day; 

N£u G =P t , - Vat lo lung trong cha't long; 

Neu G < P d - Vat bi day noi 16n khoi mat chat long den khi nao trong luong 
phan the tich vat ngap trong chat long (luc diy P d .) bang trong luong vat G 
thi th6i. 



Hinh 2-24. Dieu kien noi cua vat 
c. Tinh on dinh cua vat 

La kha nang khoi phuc lai vi tri can bang cua vat khi lam thay d6i vi tri 
cua vat. 

Ta thay rang m6t vat n<5i trong cha't long muon can bang thi ngoai didu kidn 
luc day bang trong lupng cua vat con phai co di6u kidn trong tam C va tam Aiy 
D a tren cung mpt during thang. 
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Hinh 2-25. Ba trudng hap on dinh cua vat 

Thuc te co the co nhimg ngoai luc dat vao vat ndi lam mat trang thai can 
bang, vat bi nghieng di. Nghidn ctru tmh on dinh cua vat ta tha'y: 

- Neu trong tam C thap hon tam day D (hinh 2-25a) thi vat d trang thai can 
bang ben. Khi vat bi ngoai lire lam nghieng di thi vat co kha nang khoi phuc 
trang thai can bang nhu cu. 

- N£u trong tam C cao hon tam ddy D (hinh 2-25b) thi vat d trang thai can 
bang khong ben. Neu vat bi day ra khoi trang thai can bang thi khong th4 khdi 
phuc lai trang thai can bang cu duoc ma cang nghieng di. 

- Neu trong tam C va tam day D trirng nhau (hinh 2-25c), ta co vat d trang 
thai can bang phid'm dinh. Khi do ba't ky d vi tri nao vat cOng vln dupe can bang. 

Co so ly luan ve vat n6i noi tren duoc ling dung rong rai trong viec thiet ke 
va van chuyd’n cua tau thuyln va nhung vat ndi khac (Tham khao [ 11). 

vn. VI DU - BAI TAP 
Vi du 2-1: 

MOt binh chtfa cha't long duoc chuydn ddng vdri gia toe a theo mat nghieng 
dudi mot gdc 30° so mat phang nam ngang. Gia thid't rang binh chuyen ddng 
nhu khdi ran. 

Hay tinh: 

a) Gia toe a? 

b) Gia tdc a hudng l£n tren hay xud'ng dudi? 

c) Xac djnh ap suat d di£m A, neu chat long la thuy ng&n d 20°C? 
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x 

Gidi: 

1) Xac dinh a 

Luc khoi tac dung len binh chura chat long chuydn d6ng vdfi gia t6'c a bao 
g6m: 

Luc quan tfnh: F = -ma 
Trong luc: G — mg 

Chon h£ true toa do gin len binh chat long (hinh ve), chi6u cac th^nh ph£n 
luc khoi don vi I6n cac true toa d6: 

X = acosa; Y = 0;Z = g + a since 

Thay nhung tri s6' trdn vao phuong trinh vi phan chat long can bang: 

dp = p(XlLx + Ydy + Zdz) 

dp =p[acosadx + (g+sina)dzj 

Tich phan phuong trinh vi phan tr6n: 

p = p|axcosa + (g + asina)z] + C . (1) 

Xac dinh hang s6' tich phan C tai 0 (x 0 , z Q ) tr6n b£ mat cha't long (p = p a ): 

C = p a - p[ax 0 cosa + (g + asina)z 0 ] 

Thay vao phuong trinh (1): 

P = p a + p[a(x - x 0 )cosa + (g + asina)(z -z 0 )] (2) 

ViS't phuong trinh cho mat tu do (p = p a ) 

Xdx + Ydy + Zdz = 0 

a(x - x 0 )cosa + (g + asina)(z -z 0 ) = 0 
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a cos a . 

z~z 0 = -:— (x-x„) 

g + asina 

Xac dinh goc nghi6ng mat tir do so mat phang nSm ngang: 


r 

j3 = arctg 

\ 


a cos a 
g + a sin a , 


Theo diu bai ta co: q = arctg 


a 

_£_ 

k g 


28 - IS 
100 


Do do fi = 30° - 6 = 30 - 7,41 =22,5? 


0,1 3) 


/ 


7,41 


vay t gj3 = tg22,59 = - acOSa = -0,416 

g + asina 

Vdi a = 3(f—>acosa - 0,866a 
asin a = 0,5 a 

Do do: a = - 3,8 m/s 2 ( a hudng xu6'ng dudi) 

2) Xac dinh ap suait tai diem A: 

Neu chon h6 true toa dd (triing vdi di£m A nhu hinh ve) 

Xac dinh x n , z n thay vao (2) ta co: 

p A = p a + p[a(x - x 0 )cosa + (g + asina)(z -z n )] = 32200 N/m 2 

Vi du 2-2: 

M6t khuon hinh tru co dudng kmh trong D = 1120 mm va chieu cao L = 
1000 mm, quay vdi so vong quay n = 500 vdngfphut dupe dung de due 6'ng 
bang phuomg phap ly t&m. Vita xi mang dung due 6'ng c6 g = 1600kg! m*. Neu 
chi6u day xi mang thanh 6'ng b day dudi 8, = 60 mm, Hay: 

1) Xac dinh chi6u day xi mang thanh 6'ng a dtiu tren cua 6ng S 2 ? 

2) Phai lam gi d i giam sir khac nhau giua 8/ va S 2 ? 

Gidi: 

1) Xac dinh chi6u day xi mang thanh 6ng d diu tren cua 6'ng S 2 


- Van t6c quay: <y = — 

30 


3,14500 
30 


52 1/s 


> 

— = 139,5 I/m 
2 g 


- Tong chidu cao paraboloit quay H dupe xac dinh theo c6ng thuc: 
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a> 2 r 2 


H = = 139,5.0,56 2 = 53,8 m 

2g 


Chieu cao paraboloit quay h t khi: 


r,= — -S. = 560-60=500 mm 
' 2 ' 

h, = = 139,5.0,50 = 34,9 m 


2g 

- Xac dinh ban kfnh paraboloit quay r, ting vdi chidu cao h 2 = h, + L v a 
chidu day thanh ong c( dan trdn 5 2 '- 


h 2 = h, + L = 


co 2 r 2 

2g 


r, = 


_ l2g(h,+L)_ [UJ _ 


(Q 


139,5 


= 0,507 


& 2 - R - /'? = 560 - 507 = 53 mm 

2) Do do chieu day thanh 6ng a ddu tren nho hem dudi day la 7 mm, Trong 
truemg hop can giam sir khac nhau giura <5, va <^c^n phai tang s6 vong quay n. 

Vi du 2-3: 

M6t cufa van AB co bd rdng b = 7 m; trong lirqng G = 3000 N duqc nhting 
chim trong nude (hinh ve). Ctia van quay quanh khdp ban Id tai B va tua len 
tuemg phlng tai A. 

Hay xac djnh muc nude h de cura van se bit d£u mcr? 
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Giai: 

Xac dinh ap luc nude tac dung len van AB: 
+ Tir phia hen phai: 

F, = yh t .,(o = 9810. 8. 70 = 5493 N 
Diem dat: 


v _ v . Jo _ 0| 7.7 0 3 .sin53,93" _ 

ym - y,■ +-- ° +- — l — -- 0,833 m 

y c co 12.8.70 

+ Tu phia trai: 

F 2 = yh, 2 to = 9810. h l2 . 70 = 686700 h l2 

Di£m dat: 

j n sin 53,93° , 6,67 

y,» = y <-i + --= K ,+ 

yK-2 

La'y m6 men cac luc tac dung len van doi vdi di£m B: 

( /> /5 7 

YM„=0 = F : 5 — - F, (5 - 0,833) - G(5 cos 53,93 0 ) 


= 8,833 m 


5493600(5 - 0,833)- 3000(5 cos 53,93 0 ) 


= 686700h C] 5- 


Giai ra ta co: h <2 = 8,412 m 
—> h= h l2 - 4 = 4,41 m 

Vdi muc nude h >4,41 m thi cUa van bat diu md. 

Vi du 2-4: 

M6t dap nude la mot phSn tu mat tru ban ki'nh R -20 m (co kich thude nhu 
hinh ve), r6ng 50 m. 

Xac dinh ap luc du (tri sd, phuong, chi£u, di£m dat) cua nude len dap? 
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Gidi: 

- Xac dinh tri s6' ap lire thuy tlnh len dap: 

+ Theo phuong ngang: 

P Hg = yh c . co zay = 9810.10. (20. 50) = 98 100 000 N= 98.1 MN 
+ Theo phuemg dung: 

P d = y.V = 9810. JiR 2 . B/4 = 9810. 3.14. 20 2 . 5014= 15 401 700 N 
Ap lyc tdng hop tac dung len dip: 

P = y[p^ + Pj = 498,1 3 + J54mr = 182,6057126 MN 


Phuemg ap lye theo phuong hudng kfnh; 

Chieu huefng vao mat cong; 

Diem dat cua ap lyc xac dinh nhu sau: 

+ Di6m dat P„ K di qua trong tam bieu d6 phan b6' ap sua't thuy tlnh theo 
phuemg ngang each mat tu do: 2/3 R = 13,33 m 

+ Didm dat P t , di qua trong tarn bi£u d6 phan bo ap sua't thuy tlnh theo 

phuemg dung each true z: HL - . =8 49 m 

3n 3.3,14 ’ 

Giao didm cua P d va P HX cat nhau tai 1 di£m (K) noi OK cat dap tai Cp - la 
diem dat cua hop lyc P - nghieng vdi phuemg nam ngang 1 goc a = 57°30. 

Toa do Cp (x = 10,74 m; z = 16,87 m ) 


Vidu 2-5: 

Van K se day km mieng 6'ng dan n£u he thong don bay a, b d vi tri nam 
ngang (Htnh ve). 

Tinh xem veti ap sua't cua nude trong 6'ng dan bang bao nhi£u thi van K se mo 
ra duoc? Bie't rang canh tay don b = 5a, duerng ki'nh 6'ng d = 50 mm, duong kmh 
phao cdu D = 200 mm. Trong lucmg phao va he th6ng don bay kh6ng dang k£. 

Gidi: 


Ap lyc tac dung I6n van K: 


P = pa> = p. 


Ttd 7 


Lyc day Acsimet tac dong Idn phao hlnh cdu: 

Pj=r- V c= P&-—T 
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Tong mo men doi true O: 

Y J M l) =0 = a.P-(a + bJP J 

Thay gia tri P va P t , vao bieu thurc trdn ta co: 

nd 2 nD s 

a.p.— — 6apg.— r = 0 
4 6 

Vfy ap su4't gidi han p cua nude d£ md van K se la: 


4D*.pz 4.100Q 9,81.0,2 : 


= 12,56.10 J M/m- 


Bai tap 2-1: 

Mot toa tau tCr ga, di vdi gia toe deu, sau 3 phut dat tofi van toe 30 km/h. 

Hay viet phuctng trinh mat tu do cua nude dung trong toa tau va muc nude 
Ah ding 16n d phia cuoi toa t^u. 
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Bai tap 2-2 

Binh hinh tru tron diy kin co chieu cao H va dircmg kinh D chua chat long 
den 3/4 chidu cao. 

Tinh xem binh quay quanh true thang durng cua no vc(i vin toe goc co bang 
bao nhieu dd paraboloit tron xoay cua mat thoang cham day binh. 

4 

Dap s6: co =0) — — 

D 

Bai tap 2-3 

Xac dinh lire Q dd ning tim chin nghieng mot goc a, quay quanh true O 
(hinh ve). 

Chidu rong tarn chin b - 1,50 m, khoang each tir mat nircrc den true O, a - 
20 cm. Goc a = 60°, H = 1,50 m. Bo qua trong lirong tarn chin va ma sat tren 
ban le cua true O. 


Q 


Dap s6: Q = 13 000 N 

Bai tap 2-4 

Xac dinh ap lire thuy tinh va phuong cua no tie dung l£n m6t dip nude 
hinh tru nim ngang (dircmg kinh D = lm, chiiu dai / = 3m) chan m6t kdnh din 
nude, chidu siu kenh H = lm. 

Dap s 6: P = 18740 N 
a= 38f > 

Bai tap 2-5 

Xac dinh ap suit du tai A (tinh bing Pascals). No lem hem hay nho hem ap 
suit khi quyen? 

Dip s6': p a = - 12218 Pa 
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Khdng khi 



nude thuf ng£n 

Bai tap 2-6 

Nude co ap su&'t p = 2,5 at chay qua 6'ng c6 dirfrng kfnh d = 15 mm vao 
btnh chura (Hinh ve). 

Dong 6'ng nude tu dong bing van ‘qua he thd'ng don bsiy va phao. Xac dinh 
dudng kfnh cua phao hinh c£u de co th6 dong 6'ng duoc, n6u a - 100 mm, b = 
500 mm. 



Bo qua trong lugng cua van, don biy va phao. 

Dap s6: D = 11,2 cm 
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Phln hai 


THUY DONG LUC HOC 

■ ■ ■ 


Chiidng 3 

CAC KHAl NI$M VA PHLfCtNG TRINH CO BAN 
CUA THUY D6NG Ll/C HOC CHXt LONG 

« w m 


L CAC KHAl NIEM CO BAN 

Thuy ddng luc hoc (hay la dong lire hoc cua ch«ft long) nghien cun ede qui 
luit dac trung chuyen ddng cua cha't long vd ung dung cac quy lu4t 9y vao thuc 
tidn san xudt. 

Nhiem vu chu yd'u cua thuy ddng luc hoc la xac lap lidn hd giua nhung tri 
s 6 co ban dac trung cho chuyen ddng nhu van td'c dong chay U, dd s9u h va ap 
suat thuy dong p sinh ra trong cha't long chuyen ddng. C£n chu y rang, ap sua't 
thuy ddng co hudng khac nhau tuy theo ch4t long ta nghien cun la chat long 
thuc hay chat long ly tuong. Trong chat long ly tuong ap sua't thuy dong hudng 
theo phap tuyen cua mat chiu tac dung; con trong chat long thuc ap sua't thuy 
ddng van hudng vao mat tac dung, nhung khong hudng theo phap tuyen, vl no 
la tong hop cua thanh phan ung suat phap tuyen va thanh phan umg su4t tid'p 
tuyen do luc nhot gay ra. 

1. Phan loai chuyen dong 

- Can cu vao tinh chat chay, ngudi ta phan ra chuyen ddng dutng v4 khdng dimg: 


4.GTTL-A 
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+ Chuyen dong dung (chay fen dinh): Cac yfeu tfe chuyen dbng khong bien 
dfei theo thcri gian: 

u = u(x,y,z); p = p(x,y,z); h = h(x,y,z)... 

+ Chuyen dbng kh6ng dung (chay khdng on dinh): Cac yfeu to chuyen ddng 
bifen doi theo thcri gian: 

u = u(x,y,z,t); p = p(x,y,z,t); h = h(x,y,z,t)... 

Trong chuyen dbng dung duoc chia ra chay dfeu (su phan b6' van toe trfen 

•< du 

moi mat cat doc theo dong chay khdng doi -— = const va chay kh6ng deu 

dx 

du . 

— * const }- 
dx 

Theo dieu kifen va nguyen nhan chay ngubi ta phan ra chay co ap (chay 
khdng co mat thoang) va chay khdng co ap (chay co mat thoang) 

2. Birdng dong, dong nguyen to 

a) Trong mdt trirong vec to van toe, ta co the tim duoc mot dubng cong sao 
cho no tifep tuyfe'n vdi cac vec to van tdc qua cac difem cua no. Dubng cong do 
goi la dubng dong (Hinh 3-1). 

Nfeu goi dr la mot phan t6' cua dubng dong va u la vec to van t6'c tifep tuyfe'n 
vdi phan tfe do, ta co phucmg trinh dubng dong: 



Hinh 3-1. So do xdc dinh dudng Hinh 3-2. Set do ong dong 

dong nguyen to 

*Chu y: - Tai m6i difem trong khOng gian, or moi thcri difem chi di qua mdt 
dubng dong, nghTa la cac dubng dong khdng cat nhau. 
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4.GTTL-B 



* Can phan biet quy dao vdi dudng dong: Quy dao dac trung cho su bien 
thi6n vj tri cua phdn lur chat long then thdi gian, con dudng dong bieu didn 
phuong van toe cua cac phSn tir chat long tai thdi diem. Trong chuyen dong 
dimg thi chung trung nhau. 

b) Cac dudng dong tUa ]<Sn mot vong kin vo cung nho ta dirqc mdt 6'ng 
dong (Hinh 3-2). Chat long khong th£ xuy6n qua 6'ng dong. 

c) Dong chit long chay day trong ong dong goi la dong nguySn t6'. Dong 
nguyen t6' co nhirng dac tfnh sau: 

- Dang cua dong nguyen to khong thay dot theo then gian vi dang cua 
dudng dong tao thanh dong nguyen td trong chuy6n ddng dimg. 

- Be mat cua nhirng dong nguydn to do nhfmg dudng dong tao thanh la 
khong xuyen qua duqc. Nhung chsl't di^m cua chat long trong cac dong lan can 
trupt theo be mat cac dong chut khong xuyen vao trong dong duoc. 

- Vi mat cat cua dong nguyen to' v6 ciing nho nen van toe cua cac diem 
trong mat cat dcu bang nhau. 

3. Cac yeu to thuy life cua dong chay 

a) Mat cat itat co la mat cat vudng goc ydi vec to v£n td'c cua dong chay. 

Chu vi udt (x) la phan chu vi cua mat cat Ucft tiep xuc vdi thanh ran gidi han 
dong chay (vi du cung ABC, hinh 3-3) 

Ban kmh thuy lire (R) la ty s6' gi&a dien tich mat cat udt va chu vi udt. 

oo 

R~— (3-2) 

X 

Luu luemg (Q) la luqng chat long chay qua mat cat udt trong mot don vi 
thdi gian: 

Q - J udoo (m 3 /s) (3-3) 


to 



Hinh 3-3. Xac dinh chu vi if in Hinh 3-4. Xdc dinh chu vi udt 

cua mat cat ketih hinh thang cua ong tru trdn 
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Nhir ta da biet, cac van tdc diem tren mat cat trot cua dong chay khong 
bang nhau. Dd thuan tien cho vide nghien cuu va giai quydt nhung vdn de ky 
thuAt, ta dita vao khai niem van toe trung binh mat cat v, tuc la coi moi diem 
tren mat cat tfdc co van toe bang nhau. Lun lining tinh theo van tdc trung binh 
mat cat v cung bang luu lirong tinh theo su phan bd van tdc thuc cua dong chay 
(Hinh 3-4) 

Q = ^udeo = ^vdeo = v^da) = vco (3-4) 


Suy ra van tdc trung binh: 



co 


(3-5) 


Nhu vdy, van td'c trung binh cua dong chay bang ltfu lirong chia cho mat 

cat udt. 


II. PHl/ONG TRINH LIEN TIJC CUA DONG CHAY 

Day la mdt dang cua dinh luat bao toan khoi luctng: Khoi luong m cua he 
co lap khdng thay ddi trong sud't qua trinh chuydn dong: 



dt 


1. PhUdng trinh lien tuc cua dong nguyen to 

Xet mot dong nguyen td' chuyen ddng dimg (Hinh 3-5) xet doan gidi han 
giua hai mat cat 1-1 va 2-2. 

Tai mat cat 1-1, co mat cat udt do>|, van tdc Uj. Tai mat cat 2-2, co mat cat 
tldt dco 2 , van tdc u 2 . Trong then gian dt, thd tich chait long chay vao qua 1-1 la u, 
d(o,dt, dong thdi the tfch chat long chay qua 2-2 la u 2 d(o 2 dt. 



Hinh 3 -5. S<y do xdc dinh phuong trinh lien tuc cua dong nguyen td 
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Theo tfnh chat cua dong nguyen t6' trong chuy^n ddng dung: vi hinh dang 
cua doan dong nguyen t6' khong thay doi theo thdri gian, be mat cua chat long 
khong xuyin qua duoc va chit long khong ep dude nin trong thbi gian dt, nen 
the tfch chit long chay qua mat cit 1-1 phai bing the tfch chit long chay cimg 
then gian i'y qua mat cit 2-2. 

Viy ta co: U|do>,dt = u 2 d<» 2 dt 

U|dco,= u 2 da) 2 (3-6) 

hay: dQ,= dQ 2 (3-7) 

2. Phudng trinh lien tuc cua toan dong chay 

Muon lip phuong trinh li6n tuc cua toan dong chay trong khoang xac dinh 
irng vdfi mat cit co ta mo rpng phuong trinh lidn tuc cua dong nguy6n td' cho 
toan dong bing each tfch phan phuong trinh do tren toan mat cit co. 

- \u 2 dco } 


Rut ra: Q,=Q 2 (3-8) 

hay: v l co,=v 2 co 2 (3-9) 

Do la phuong trinh lien tuc cua ddng chay on dinh co kfch thucrc xac dinh. 

Chu y mat cit 2-2 ta chon tuy y trong dong nguyin td va trong toan dong, 
do do co the kit luan ring: 

Trong dong chay 6n dinh, Iuu luong qua moi mat cit uert d£u bing nhau, va 
van t6'c trung binh v ty le nghich voi dien tfch mat cit udft. 

III. PHUONG TRINH BECNULI VIET CHO DONG NGUYEN TO 
CHAT LONG LY TU6NG 

Nim 1738, Becnuli da tim ra phuong trinh n6i tieng vi quan he giua vin 
toe va ddng ap luc cua dong chay bang each ting dung dinh luit ddng nang vao 
chuyen ddng cua chit long. Phuong trinh Becnuli con duoc goi la phuong trinh 
ning luong vi no la mdt dang cua dinh luat bao toan nang luong. 

1. PhiTdng trinh Becnuli viet cho dong nguyen to chat long ly ttfdng 

Xet mot doan dong nguydn to chat long ly tuong chuyen dong 6n dinh gidi 
han bdi mat cit 1-1 va 11-11 (Hinh 3-6). 
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Hinh 3-6. So do xdc dinh phuong trinh Becnuli cho dong nguyen to 

chat long ly tifd’ng 


Tai trong tam cua 1-1 va II-II ta co: 

Do cao hmh hoc Z, va Z,; ap suat thuy dong P t va P 2 \ van l6c u, va u 2 ; dicn 
tich mat cat dco, va da> 2 . 

Ta tha'y rang doan chit long AB sau thdi gian dt da chuyen den vi tri nidi 
A B . Khi do nhung chat di£m cua chat long tir mat cat I-I chuyln dong vciri van 
t6c u, da dich chuyen dupe mpt doan dS t den mat cat I -I. Con nhuttg chat 
di£m trong mat cat II-II chuyen dong vori van toe u 2 da dich chuyen dupe mot 
doan dS 2 dg'n mat cat II -II . 

Ta co: dS, = u, dt va dS 2 =u 2 dt. 

Theo phuong trinh lien tuc cua dong nguyen to ta viPt dupe: 

dco/U, = dco 2 u 2 = dQ 

Theo dinh lupt bao toan d6ng nang: “Su thay doi dpng nang cua khd'i lupng 
m6t vat chuyen dpng trong mot khoang thcri gian nao do bang tong s6' cong cua 
tat ca nhung luc tac dung 16n vat a'y cung trong khoang thori gian do”. 

Ung dung dinh luat bao toan d6ng nang vao chuyen d6ng cua doan chat 
long AB. Tren hmh 3-6 ta thay khi doan chat long chuyen dpng tir AB den 
A B, ta xem nhu phSn doan AB d tai chP, con the ti'ch chat long AA dich 


54 


chuyen ddn vi tri mdi BB. Do do sir thay d6i d6ng nang cua tit ca doan AB se 
bing hidu s6 d6ng nang cua the tfch BB va AA. 

, mu, 2 pd6),ds,u, 2 

Ta co : t . - — = —-- —‘- L - 

KAA ^ 


E 


KHH 


mu 2 _ pdco,ds 2 u 2 

_______ 


Thay p = y/g ,ds, = u,dt ,ds 2 = u 2 dt ta co: 

__ y u 2 u,do),dt _ y u 2 dQdt 
2g ' 


KAA 


_y u 2 u 2 dco 2 dt _ y u 2 dQdt 

KHH '~ Tg _ 2g _ 

Do do sir thay d6i dong nang sau thcri gian dt cua doan AB se bing: 

^ - E ,„ =rdQ 


KAA 


^--^-1 dt 
2 S 2g 


(3-10) 


C6ng cua cac lire tac dung len khoi chit long AB g6m c6ng cua ddng ap 
lire va cong cua trong luc. 

Cong cua dong ap luc la: AE^p/dcOjds, - p 2 dco 2 ds 2 

= (p,-p 2 ) dQdt (3-11) 


C6n c6ng cua trong lire, theo each phin tfch hidn tuong da n6i trdn, bang 
c6ng cua trong lupng chat long y dQdt trong doan AA’ den BB’ theo phucmg 
thing dung tit Z, dd'n Z 2 : 

AE K =ydQ(Z,-Z : )dt (3-12) 

C6ng cua cac luc khac vu6ng goc vdi true chuyen dong cua 6'ng dong bang 
O. Viy: 

AE K =AE p +AE s (3-13) 


ydQ 



Vg 


2 \ 


0l_ 

2g 


J dt = (p, - p } )dQdt + y dQ(Z, - Z 2 )dt 
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rut gon vi xip x£p lai: 


Zi + Pl + ^ = Z 2 + P± + ^ 

r 2 g y 2 g 

Vi cac mat cat I-I va II-II ta chon tuy y nen c6 th£ viet: 

„ p u 2 
Z + —i- — = const 

r 2 g 


( 3 - 14 ) 


Phtrctag trinh (3-14) la phirong trinh Becnuli cho dong nguyfin to chit long 
ly tuong, chay on dinh; xac dinh mdi lidn he giura van toe, ap suit thuy d6ng va 
do cao hinh hoc cua chit di£m trong dong nguydn t<5 chat long ly tirong. 

2. Y nghTa hinh hoc va n3ng lutfng cua phirong trinh Becnuli 

a) Y nghTa thuy luc hay hinh hoc 

Dfi hieu ro y nghTa nhiJng thanh phSn cua phirong trinh Becnuli ta quan sat 
hinh 3-7 ve dong nguydn t6' chit long chuydn d6ng. Tai trong tim mat cat 1-1 
va 2-2 a d6 cao Z, va Z, tren mat chuin 0-0, ta dat cac 6'ng Pito kep de xac dinh 
dd cao do ap va d6 cao van t6'c: 

Ta co: 

Z- d6 cao hinh hoc; 


P 

7 


- d6 cao do ap; 


-do cao van td'c; 

2g 

p u 

Z,—,- d£u cd thur nguyin la d6 dai; 

Y 2 g 


Z + — = H t - c6t ap tlnh; 
g 


p u 

Z + — d-= H j - c6t ap thuy d6ng. 

g 2 g 
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Hinh 3-7. Gidi thick y nghTa hinh hoc vd nang luffng 
cua phitong trinh Becnuli 


Trong dong nguyen t 6 chat long ly tucmg chay 6n d|nh, c6t ap thuy d6ng la 
m6t hang s6: 

.2 


H d = Z + — + — = Const 


g 2g 


h)Y nghTa ndng lucmg 


Trong thuy tinh hoc ta da xet y nghTa nang lucmg cua hai s6 hang Z v& — 

y 

Z - La vi nang cua mpt dcm vi trong lupng chat long so vdri mat chudn, goi 
tat la vi nang dcm vi hay ty vi nang. 

P 


7 


La ap nang cua m6t dcm vi trong lupng chat long goi tat la £p nang 


dcm vi hay ty ap nang; 

Z +— - La the nang cua m6t dcm vi trong lucmg chat long goi tat la th£ 
Y 

nang dcm vi hay ty th£ nang; 
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u , _ 

— La dong nang cua mot don vi trong luong cha't long goi tat la dong 

2g 

nang dan vi hay ty d6ng nang; 

p u 2 . 

zH—-1-La nang luong toan phan cua m6t don vi trong luong chit 

r 2 g 

long goi tat la ty nang toan phan. 


Ducfng bi£u di§n the nang don vi (z H-) cua dong chay goi la duong do 

r 

ap. (ducrng ab trong hlnh 3-7) 

, _ p u 2 

Ducmg bieu di£n nang luong don vi (Z h -1-) cua dong chay turc la 

Y 2g 

cung bieu didn c6t ap thuy ddng H (I goi la duong nang (ducfng a^, hinh 3-7) 


IV. PHl/GNG TRINH BECNULIDOI V6l DONG CHAT LONG THUC 

1. Phi/dng trinh Becnuli doi vdi dong nguyen to chat long thi/c 

Ta biet rang chat long thuc co tfnh nhcrt do do gay ra sue can trong khi 
chuyen d6ng va do do co t6n that mOt phan nang luong cua dong nguyen t6', vi 
vay nang luong cua m6t don vi trong luong cua cha't long thuc giam dan theo 
chidu dai dong chay, nghla la E, > E 2 . 

hay: Z ; + — + —> Z 2 + — + (3-15) 

/ 2g 7 2g 

Goi h\,,. 2 la t6n that nang luong cua mot don vi trong luong chat long khi 
chat long di chuyen tur 1-1 den 2-2 thi: 

Z,+ —+ T- = Z,+ —+ V- +*'.-« (3-16) 

7 2g y 2g 

Phuong trinh (3-15) la phuong trinh Becnuli viet cho dong nguyfin to chat 
long thuc chuyen d6ng on dinh. 

dac trung cho dieu ki£n chay cua cha't long thuc ta dua ra nhung khai 
nifim ve d6 d6'c hinh hoc i, d6 d6'c do ap / va d6 d6'c thuy lire J. 

- Do doc hinh hoc la d6 ha thap day dong chay tren mot don vi chieu dai, 
nghia la: 
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( 3 - 17 ) 


. dZ 

i — — 

dL 


ZizL. 


- sin a 


Trong do a- Goc nghidng cua dong chay so vdi mat phlng n3m ngang. 

- Db doc do ap la do ha thap cua dirdng do ap tren mbt don vi chi£u dai cua 
dong chay: 


1 - 


Z + 


Y 


dL 


7 Pj ] 

_ 

z, 


l y) 


V 

Y J 




( 3 - 18 ) 


- Do d6'c thuy lire la do ha thflp cua dircmg nang trdn mot dom vi chieu dai, 
hay noi each khac la tdn that nang lirong tren mbt don vi chidu dai dong chay: 


J = 


dK 

dL 


Z,+ 


u 


> \ 


P±+ <_ 

r 2 s 


2 \ 


Y 2g 


W 


wJ-2 


1,-2 


( 3 - 19 ) 


' 1-2 


* Nhdn xet: 

Do ddc do ap co th£ co tri sd am hay tri so dirong tuy theo su thay ddi ap 
suat trong dong chay. Con do ddc thuy lire bao gib cung co tri s6' dirong vi tdn 
that nang lupng h’ w ludn tang doe dong chay. 

Do doe do ap trong dong chay chat long thirc khac dd doe do ap trong dong 
chay chat long ly tudng. 

Trong tnrbng hop chuydn ddng deu, dirdng do ap va dirdng nang song song 
do do / = J. 

Trirdmg hop dong chay ddu trong kenh ho: i = I = J. 

2. Phtfdng trinh Beenuli ddi vdi toan dong chat long thi/c 


Bay gib ta met rong phirong trinh Beenuli db'i vdi dong nguyen td' chat long 
thuc ra toan dong chat long bang each cong nang lirong cua cac dong nguyen td' 
tao thanh ddng chay va edng tdn that cua nhirng ddng d'y. 

Nd'u bieu thi trong lirong chat long cua ddng nguydn td chay trong mbt don 
vi thdi gian ydQ va nhan vdi ca hai vd cua (3-15) ta co bieu thuc nang lupng 
cua ddng nguyen td trong mat cat 1-1 va 2-2: 

Y 2g J { y 2g 


Z,+ 


ydQ + ydQ (3-20) 
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Tich phin bieu thiic tren theo mat cat toan dong chay: 

jf 2, + ^ + ^AydQ = j( Z } + + ^-XdQ + (3-21) 

Ta bidt ring ap suit thuy dong trong dong chay ddu va dong bidn ddi cham 
phin b6' theo quy luit thuy trnh ' 7 + — = const trdn m6t mat cat udt. 

r 

Vod difiu kidn han che tren ta vidt dupe: 

\ / • \ 


f Z > 


2 2 + 


-’V 


Pi 


Y 


ydQ = y 


Z ' + -: 
7 ) 


Pi 


ydQ = r\Z> + ^ 


\dQ = yQ 

> i 

jdQ = yQ 


r J 

X > + ^ 

v ' Y 


(3-22) 


Cac tich phin nay bidu thi thd nang cua luu lupng 

Tich phin J h\, t _ 2 y dQ bieu thj tdng s 6 cac tdn that nang lupng don vi cua 

ai 

tit ca cic dong nguydn td trong toan dong chay tOf mat cat 1-1 ddn mat cat 2-2. 
Neu goi h wt _ 2 la tdn that nang lupng don vi trung binh trdn doan dbng chay do, 
ta co: 

\ h ' v ,-2r d Q=YQK,-2 ( 3 - 23 ) 

(O 3 


t U 

Cac tfch phin co dang J- 

co 2g 

dong nguydn td, ky hieu la E" dn : 


ydQ bidu thj tdng sd cac d6ng nang cua cac 


E 


dn 


u 



(3-24) 


Vide tinh tich phan nay phurc tap vi chua bidt qui luit phin bo van tdc u 
trong mat cit toan dong chay. Dd don gian ta thay van t6'c u cua cac dong 
nguyen td blng vin tdc trung binh v cua toan dong chay. Ta co: 


E = 

^ dn 


Y 


2g i 


•> 

\v’dQ=yQ?- 


2g 


(3-25) 


Vi su phin bd cua u khac su phin bd cua v nen E“ dn * E v dll . 
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De thay J ~ydQ bang sin ta dira vao ht so a la h t s 6 de hieu chinh su 

L) 2 g 

phan b6 van 1 6c kh6ng diu trong tfnh loin d6ng nang (h t s 6 hiSu chinh d6ng 
nang - he s 6 Coriolis) 


a = 


E u 

^dn 


'dn 


(3-26) 


a = 1,01 -s- 2 tuy thco che dp chay (tang, r6'i) va hinh dang kfch thudc dong 
chay. 

Thay (3-26) vao (3-25) ta co: 


E J‘ = J ~ydQ = a ~~yQ 

12g 2g 


(3-27) 


Thay cac tri so tmh dupe o (3-30), (3-31) va (3-25) vao (3-29) ta co: 


rQ\ z , + j 




a ,v 




2g 


yQ = yQ\2 , + ^-J + ^-rQ + rQ K,_, 


Hay don gian cho yQ\ 

Z , + ^ + ^ = Zi+ ^ + ^ + /,. w (3-28, 

r 2g r 2g 


Phuong trinh (3-28) 1& phuong trinh Becnuli cho toan dong chat long 
thuc. No dupe dung r6ng rai dd giai cac bai toan trong thuy luc va thuy khf dong 
luc hoc. 

■*Li(u y: Viec mo( rPng phuong trinh Becnuli khPng phai d6'i voi loai dong 
chay nao cung lam dupe. O trdn ta da tien hanh mo r6ng dupe trong di6u ki£n 
dong chay ddu va biPn doi cham. 

Trong trufrng hop chuyem dong tuong d6'i hoac chuyen d6ng khPng dimg 
(chay khPng 6n dinh) thi trucmg hop t6ng quat phuong trinh Becnuli viet cho 
toan dong chat long thuc, ngoai cac s6 hang cua phuong trinh da neu tren con 
phai ke them thanh phan t6n that cot ap quan U'nh. 


V. MOT S 6 TING DUNG CUA PHUONG TRINH BECNULI 

Phuong trinh Becnuli dupe umg dung rat rOng rai trong nhidu nganh ky 
thudt de giai quyet nhiPu v4h de trong thuc ti&n. M6t sP chuong ti6'p theo cua 
giao trinh co thP coi la nhung ung dung cua phuong trinh Becnuli nhu: dong 
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chay qua 16, vdi, dap tran, trong 6'ng, trong kdnh; trong hd thdng cung ca'p 
nude, may bom... 

Dudri day chi ndu m6t s6' umg dung cu the cua phuong trinh Beenuli. 

1. Dung cu do van toe, ong Pito-Prandtl 

% 

Dd do v$n toe cua m6t did’m trong dong chay ta cam 6'ng do ap va 6'ng Pito 
hinh chG L vao dong chay nhu hinh ve (hinh 3-8). 

D t / * 

Ong do ap cho gia tri (Z -I—) c6n d6 chenh AH = — 

7 ' 2g 

Suy ra u = yfYgAH 

K6't hop hai 6'ng nay duoc 6'ng Pito-Prandtl (hay con goi la 6'ng Pitokep) 



Hinh 3-S. Ong Pito-Prandtl 



Hinh 3-9. Lifu lifffng ke Venturi 


2. Liru ludng ke Venturi 

La m6t dung cu dung dd do luu luong dong chay trong 6'ng, gom m6t doan 
6'ng hinh con thu hep va m6t doan 6'ng hinh c6n mo rong ghep vdi nhau bang 
m6t doan 6'ng ngan hinh tru. Dat hai 6'ng do ap, m6t 6 d£u ong hinh c6n (mat 
cat I-I) va m6t 6 doan 6'ng hinh tru (mat cat II-II) (hinh 3-9). 

Vidt phuong trinh Beenuli cho mat cat I-I va II-II, mat chudn trung vdi true 

2 2 

6'ng, bo qua h w ta co: — + —^ 

Y 2g y 2g 

O day hd s 6 dong nang a, = a : = 1. 

'fheo phuong trinh lien tuc cua dong chay, co thd viet: 
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CD, D 

v 2 = v >= v 

CD 2 a 


Thay vao phuong trinh tren: 


Pr^P± = Ap = v,' 
r r 2g 


r 

d 4 


-1 


hay V; = 


d 4 


D 4 ~d 


7-J 2 X 


Ap 

y 


d J 


\D 4 -d 


7 .yl2gAh 


— — = Ah la dd chenh cua hai do cao do ap, luu luong chat long di 


7 

qua ltru lurmg ke bang: 


Q ~ v /o< = 


rcD 


4 \D 4 -d 


7 .j2gAh = K-J~Ah 


(3-28) 


Dua vao c6ng thtic (3-28) mudn xac dinh luu lirctng chay qua luu luong ke 
chi can do dd chenh Ah la tmh ra luu luong. 

2 

v 

Doi vdi chat long thuc co ton that h ,_ } — C, , C, la hd sd tdn thi't cue bd 

~ 2g 

khi do: Q - K t J~Ah 

7tD 2 I 


OdiyK, = 


2gd J 


4 \a 2 D 4 -a,d 4 d J 


VI. PHUONG TRINH CO BAN CUA DONG CHAY D^U 

Chuydn dong cua chat long trong nhung o'ng din nude, xang, diu, hoa chit..., 
nude chay trong kenh hd va nhidu trudng hop khac la chay ddu, dang ma mat 
cit dong chay, van toe trung binh va do siu theo chidu dai dong chay la hing sd. 

Ta tim phuong trinh co ban cua chay deu de tinh toan thuy luc nhung dong 
chay do. 

Khao sat dong chay cua chat long co dang bat ky, mat cit dong chay 
khdng doi theo chieu dai, co didn tich a> va nghidng vdi mat phing nim 
ngang mot goc a (Hinh 3-10). Xet doan ABCD, chieu dai L gidi han bdi 
mat cit I-I va II-II. 
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Z ( , Z 2 - d6 cao hinh hoc cua trong t&m mat cat I-I va II-II so mat chuin 0-0; 
p,, p 2 - ap suit thuy d6ng tac dung tai trong tam mat cat I-I va II-II. 

Ngoai lire tac dung vao dong chay ddu phai bang lire can gay nen trong khi 
chay, hay noi each khac tong hinh chid'u nhutig ngoai luc tac dung vao cha't 
long trong khi chay tr6n m6t true baft ky phai bang tdng hinh chi6u nhurng lire 
can tren true a'y. 



Hinh 3-10. Set do mo td phuong trinh cct ban cua dong chay deu 

La'y true chieu la true dong chay s-s. Ngoai luc'lam chat long chuy£n d6ng 
la dong ap luc P, va P 2 tac dung l6n mat cat I-I va II-II, trong luc G va lire can T 
la luc ma sat tren thanh 6ng. 

P, = PiCO, vd P 2 = p 2 0} 2 
G = yLco 

T=L X ?o (3-29) 

Trong do: 

y- trong luong rieng cua chat long; 

x - chu vi udft cua dong chay; 

r 0 - lire ma sat rieng (luc ma sat tren thanh tac dung len m6t don vi difin 
tfch be mat ong). 

Viet phuong trinh c2n bang luc tac dung trdn doan chat long tuong ting vtii 
true s-s cua dong chay: 

P, + P 2 + Gsina = T (3-30) 

Thay nhung tri s6' cac luc vao (3-30): 


64 



P'C), - p/o : + 


(3-31) 


yL®(zi-z,) 

L 




Chia ca hai ve cho ya> ta co: 





r) 


2 } + 


r 


x^„ 

yen 


(3-32) 


Vi dong nang a hai mat cat I-I va II-1I gid'ng nhau (v, = v 2 ) n6n ve trai (3- 
32) la ton that nang lucmg tren chi6u dai doan chat long giua hai mat cat I-I va 
II-II. Vay ta co thd viet: 

E,-E,= K,_, = (3-33) 

yco 

Phuong trinh (3-33) la phuong trinh ca ban cua chay deu, de xac dinh tdn 
that nang luqng theo chi6u dai dong chay co ap va khong ap trong 6'ng. 

Nhu vay, ton that nang luong trong dong chay deu la ty 16 thuan vdi chidu 
dai dong chay, chu vi udt, lire ma sat va ty 16 nghich vdi trong ltrcmg ridng cua 
chat long, mat cat dong chay. 

0) 

Thay R = — (ban kinh thiiy luc) vao (3-33): 

K = 0-34) 

yR 

Chia (3-34) cho L, ta co: 

—— = — vi — — I la d6 doc thuy luc ndn / — —: hay z u = yRl 

L yR L ' ' yR 


VII. VI DU - bAi tap 
Vi du 3-1. 

Nude tir be chura hd, chay qua dudng 6'ng co cac dudng kinh d, = 50 nun, d 2 
- 40 mm, d 3 = 25 mm (hinh ve). 

Xac dinh cdt nude can thiet H de co luu luqng Q = 10 m 3 /h. Ve dudng nang 
va dudng do ap. 

Bo qua tdn that nang luqng. 


5 GTTL-A 
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Tfnh van t6c trung binh cua nuric chay ra khoi ong a mat cit 3-3: 

Q Q io.4 , 

v, = — = -~r =- 7 - = 5,65 mis 

3 <y 3 nd\ 3600.3,14.0,025 2 

4 


Cdt nuoc can thiet H , duac xac dinh t£r phirong trinh Becnuli, vife't cho mat 
cat 0-0 va 3-3, lay mat chuan 0-0: 

z + p» + ^ + £i + zd +h 
r ig r ig 

Ta lay a () = a 3 = 1 , v 0 &0, p f) = p„, va theo gia thid't h = 0 
Ta co: 


Rut ra: 


/7 + —+ 0 = 0 + —+ — 

r r 2 g 


„ v 5,65- , „ 

H - --= 1,63 m 


2 g 2.9,81 
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5.GTTL-B 



D6 vc diroc dudng do ap, can phai xac dinh van toe trung bmh va cdt nude 
van tdc a cac doan dng 1 va 2: 

Q 10-4 , „„ , 

v, - — = —-- — = 1,42 mis 

1 co { 3600:3,14.0,05 2 

. v, 2 1,42 2 

va — 1 — =-- 0,1 m 

2 g 2.9,81 


v 2 =^ =-—-r- = 2,21 m/s 

2 co 2 3600.3,14.0,04 2 

. v 2 2,21 2 

va - L - = -= 0,25 m 

2 g 2.9,81 

Vi bo qua ton that nang luong nen dudng nang la mdt dudng thang nim 
ngang di qua 0-0. 

Do cao do ap 6 bat ky mat cat nao cung duqc xac dinh bang hieu sd giura 
ducmg nang va cdt nude vfin toe d mat cat do: 

r 2 g 

Noi tit ca do cao do ap ta duyc dudng do ap. 

Vi du 3-2 

Mot ong hut cua quat gio hinh tru dung dd hut khdng khf (p = J ,254 kg/m 1 ) 
tir khf quyen, duoc gin vao do dng do ap, phin dirdi cua 6'ng nhung trong chiu 
nude (p ~ WOO kg/m ? ). Myc nude dang I fin trong 6'ng h = 350 mm. 

Hay xac djnh luu luong cua khdng khf, neu dng hut co dudng kfnh D = 
250mm. 

Giai: 

Viet phuong trinh Beenuli cho mat cit 1-1 va 2-2, liy mat chuin 0-0: 


z< + PL + ^ = z ^P± + ^ + h 

r 2 g 


r 2 g 


Trong do: z x = 0; p, = p a ; v, « 0; a = 1 
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h wl _ 2 »0 vi doan dong chay ngan, kh6ng co chudng ngaj vat; 
p 2 ‘. ap suat tuyet d6'i, tinh diroc khi biet ap sudt chan khong: 


h _ Pck _ P a ~ Pi 

n ck — — 

r r 


Suyra p 2 =--h ck 

r 

Thay cac gia tri trdn vao phuong trinh: 



v, , 

Ta tfnh duoc: —= h ck 

2g 

Nhung a day yeu cau ti'nh luu lircfng kh6ng khi', vay van toe cung phai tfnh 
cho kh6ng khi va do cao chan khdng h ck cung phai d6i thanh d6 cao cua m6t 
c6t khong khi gay ra ap sua't tirang dircmg veri c6t nude h ck . 

Ta co: h, k . y. t = h kk . y kk 


Hay: h u = h cl A. =0,25 . 
Yu 


1000.9.81 

1.29.9.81 


= 194m 
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Vay: v 2 = V 2gh kk - -J 19,62.194 - 61,6 m/s 


Q = = 


red 


,v 2 = 


3,14.0,30'■ 


.61,6 = 4,35 m 3 /s 


Liru luong khdng khf do quat gio cung eSp la 4,35 m } ls. 

Vf du 3-3 

Mot ong xiphong co dudng kfnh d = 100 mm dupe dung de thao nude tijr bd 
chufa hd vao kh6ng khf. Dinh xiphdng cao hon muc nude trong be h = 4 m 
(hinh ve). Cho biet p a = 10 ? Pa; g = 10 m 2 /s. Bo qua qua tdn that nang luong. 

1 - N£u ap suit tuyet dd'i trong d'ng dupe xem la bang khdng (p, mn = 0), tfnh 
luu luong thao Idn nhat. 


2- Luc do midng ra cua ong xi phdng phai d dd cao n^o? 

3- Ve dudng nang, dudng do ap. 



Gidi: 


1- Tai dinh xi phdng ap sua't la nho nhat. Ap dung phuong trinh Beenuli 
cho 2 mat cat (l-l) va (2-2) ta co: 

z, + — + 0 = z 2 + — + — 


Y 


r 


Trong dd: pi = pa la ap sua't tuydt dd'i tai (1-1); 

P2 - ap sua't tuyft ddi tai mat cat (2-2) da dupe gia thidt bang khdng n6n 
ta co: 
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v = J2g 


Z, - 2 2 + 


r ) 




= J 2,10 


- 4 + 


10 


5 A 


10 3 .10 


- V120 - 10,95 m/s 


Q = v.a = v.—= 10,9s. - 1 ' 4-0,1 ° -0,086 m*/s = 86l/s 
4 4 

2- De xac dinh do cao mieng ra cua 6ng xi phdng khi Q = Q„, rn = <S6 //s, 
visit phuong tnnh Becnuli cho mat clt (1-1) va (3-3) lly ap suit du p, = p, = 0 


z,+0 + 0 = z 2 -i-0 


v 


Tit do z 3 — z x — 


v 


2g 

2 120 


= —6 m 


2g 2.10 

Vly mieng ra cua xiphdng nlm thlp hon mat nude trong 6 m. 

3- Duong nang E-E va ducrng do ap P-P dupe thd hien trdn hinh ve. 

Vt du 3-4 

Hay xac dinh nude dang ldn a dd cao nao trong 6ng, neu mdt dau cua ong 
dupe ndi vdi mat cat thu hep cua dng din, con dlu kia dupe tha vao nude. Luu 
lupng a trong 6ng Q = 0,025 m!s\ ap suit du p, = 49. 10 3 Pa, cac duemg kfnh 
d, = 100 mm vd d 2 - 50 mm (Hinh ve). 

Gidi: 

Vid't phuong trinh Becnuli dd'i mat cat (1-1) va (2-2), mat chuln di qua true 
d'ng (bo qua tdn thl't), lly a, = a 2 co dang: 


Pi V/ _ p 2 


pg 2g pg 2g 


+ 


Vl V; = 


4Q , 


4d ; 

Sau khi bien ddi ta co: 


2 VaV 2 = 


4Q 

4dl 


Pi = Pi | 42 Q 

pg pg 2gn\d / d\ 


1 1 
+ 
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Ta dirge chieu cao vdi dau 4m va chtnh la chieu cao chan kh6ng. Nude 
trong dng se dang len chieu cao h lk = 2,7 m. 



2 


Vi du 3-5 

Tren true 6'ng d5n nude ngudi ta dat mdt dng Pito vdi vi ap k£ thuy ngan. 
Xac dinh v4n td'c nude chay trong 6ng u max nd'u hieu so mire thuy ng&n trong 
ap ke Ah = 18mm (hinh ve). 



Giai: 

A y 

Ong Pil 6 do col niroc van toe: 

H = U ^~ (1) 

He s 6 ' ki£m dinh (f> gia thief bang 1. 

De xac dinh H ta viet phitong trinh can bang trong ap ke thuy ngan d 6 'i vdi 
mat phlng a-a (hinh ve): 

Pi + Ah.p m .g = p 2 + Ah.p.g (2) 

Trong do pi va p 2 - ap suat trong cac 6 'ng ap k£ thuy ng&n a d 6 cao umg vdi 
mtre thuy ngan cao; 

p va p m - mat do cua node ( lOOOkg/m J ) va thuy ngan ( 13.600kg/m *) 

Dodo: 



(3) 


Thay so vao c 6 ng thurc (2) ta duac: 


H =0,018 


13600 

1000 


- 1 \ = 0.227 m 


Tir edng thirc ( 1 ) ta co van toe cue dai trong 6 'ng: 



Bai tap 3-1 

Tia chat long phun len theo phtromg thing diirng tCr 6 'ng co ducmg kmh cl 0 vdi 
van t 6 'c v„ va gap phai vat can tren dudng di co dang hai nua qua c£u (hinh ve). 
Bife't trong ltfcfng vat can la G, trong lirpng ridng cha't long p, xac dinh d 6 cao z 
ma vat dtrcfc nang len so vdi midng 6 'ng (thco v 0 ). 

2 ( ^ V 1 

n ' v„ G 2g 

Dap so: z = —— - — 5 — 

2g \ndlr) v] 
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Bai tap 3-2 

M6t 6'ng Venturi de do lim lirong g6m hai doan 6ng ngan co duong kinh 
khac nhau d, = 300 mm va d 2 ~ 150 mm. Hai doan 6'ng dupe n6i vao m6t ap ke. 
Cho bi6't d6 ch£nh trong 6'ng do ap h = 100 mm. 

Lap bi6u thu'c tinh lira lupng Q chay trong 6ng theo d6 chenh h va tfnh Q 
n6u chat long chay trong ong la niroc. 



Dap so: Q = fjK 2gh 
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tfai tap J-J 

Mdt kenh c6 mat cat hinh chO nhat b, = 12 m; h, = 3 m, day n&m ngang 
Trdn k£nh co mdt doan thu hep vdi chi£u rdng b 2 = 8 m. Bo qua tdn that c6 
nude, tfnh do sfiu va v&n td'c tai phSn co hep cua kdnh (h 2 ,v 2 ). Cho biet van td'c 
nude chay trong doan kenh khdng thu hep v, = 0,5 m/s (Hinh ve). 




Chtfdng 4 


TRANG THAI CHAY CO BAN CUA CHAT LONG 

THLfC VA t 6 n THAT N ANG LLfONG 

• * 

L HAI TRANG THAI CHAY CUA CHAT LONG. s6 RAYN6N 

1. Thl nghiem Raynon 

Nam 1883 O. Reynolds bang thuc nghi6m da phat hidn ra sir tdn tai hai 
trang thai chay khac bidt nhau cua chat long va chutng minh ring chung co Ii6n 
quan mat thiet vdri ton that nang lttong ciia no. 

Thf nghiem cua Reynolds g6m co m6t binh nude Ion A, mdt binh nude mau C, 
mot 6'ng thuy tinh trong sub't T (Hinh 4-1). Di6u chinh khoa d6 K nude mau do 
chay thanh m6t sofi chi do cang xuyen su6t ong thuy tinh, nghia la cac ldp chat long 
chay thanh tang ridng re, do la trang thdi chay tang(Hinh 4-la). Tang van t6c dong 
chay, dlu tien soi chi nude mau do bi dut doan (Hinh 4-lb)- chay qua do, sau d6 
chung hoa trdn h6n loan vao nhau (Hinh 4-lc), do b trang thai chay rd'i. 



Hinh 4-1. So dd thi nghiem Raynon 
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Lam thi nghiem ngiroc lai, giam dan van t6'c dong chay thi trang thai chay 
cua chat long bien d6i theo chidu ngiroc lai: tit chay r6'i sang chay tang. 

Qua thi nghidm vcri nhieu 6'ng co dutfng kinh khac nhau va vdi nhidu loai 
chat long, ngubi ta nhan thay trang thai ddng chay phu thudc vao van toe V , d6 
nhdrt v va dubng kfnh ong d. 

2. So Raynon va van toe phan gidi 

Reynolds da tim ra to hop 3 dai lucrng (van t6'c V, d6 nhdrt o va diremg kfnh 
6'ng d) la m6t s6' kh6ng thur nguyen, mang ten 6ng - s6 Reynolds: 



v 


(4-1) 


Van to'c chuyen tit trang thai chay ting sang chay r6'i II van t6c phan gidi 
trdn (v flJ( ,), tirctng ting co s6 Reynolds phan gidi tren (Re pgl )- 

Van toe chuyen tir trang thai chay roi sang chay tang la van t6'c phan gidi 
dirori (v pgll ), tucmg ting co so Reynolds phan gidi dudi (Re P!jl ,) 

Khi dong chay co: Re < Re nit thi trang thai cua no la chay ting; 

Re > Re Pj , r t1rii trang thai cua no la chay r6'i; 

Re m , < Re < Re pg , thi trang thai cua no co th4 la ting hoac r6'i, nhimg 
thucrng la chay r6'i, vi umg vdi giai doan trung gian nay trang thai chay tang rat 
khdng 6n dinh. 

Qua nhieu thi nghidm thay ring Re pkr kh6ng co m6t tri s6 xac dinh (dao 
d6ng tir 12000 dd'n 50000). Con Re pgl , d6'i vdi moi loai chat long va dubng kmh 
khac nhau ddu co m6t gia tri kh6ng doi (2320). 

Do do Re pgt , -2320 duoc dung lam tidu chuln xdc dinh trang thai chay. 
vly Re < 2320 - Trang thai chay tang; 

Re > 2320 - Trang thli chay r6'i. 


II. I ON THAT NANG Ll ONG 

1. Quy luat ton that ndng I irong trong ddng chay 

a) Phan loai tSn that 

Khi chit long thuc chay co tdn that nang luemg do lire can chuyen d6ng. 
Can cti vao nguyen nhan phat sinh t$n that nang luong trong dong chay, ngubi 
ta chia ra: 
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- T6n that doc duemg (h w ,)[ 

- T8n that cue b6(/?„,.). 

T8n that nang lucmg doe duemg la do lire can tac dung ldn dong chat long 
do lire ma sat trong cua chat long gay ndn, hay la do luc can theo chieu dai cua 
bd mat bao quanh dong chay (b6 mat trong 6'ng dan, bd mat day, suem kdnh...). 

Ton that nang luong cue bo la do lire can gay ndn khi thay d8i d6t ng6t mat 
cat dong chay hay thay d6i dot ngot chidu dong chay nhir 6 trong khoa nude 6 
cac eh 6 ngoat... 

b) Qui luat chung ve ton that nang luong 

Bang there nghiem ngiroi ta da dua ra qui luat phan b6 tdn that nang luong 
doc duemg trong dong chay: 

- Khu vuc chay tdng: h m , = k,v 

- Khu vuc chay r6'i: h ml = k 2 v 2 

Trong do: k, , k 2 - he s6 ty le; v - van the dong chay. 

- Trong khu vuc qua d6, lien hd giua van t6c va ton that nang lucmg theo 
quan he bac n veri 1 < n < 2. 

2. Ton that nang lirgng doc dirdng 

a) Ton that nang luong doe dudng trong chay tang 

Trong chay t£ng, chat long chay thanh nhung bo dbng ridng bidt song song 
vori nhau. Trdn thanh 6'ng, co dfnh chat nhung chat di8m khdng chuydn d6ng, 
van t6'c cua chung bang kh6ng. T6n tha't nang luong trong chay tang do tac 
dung cua luc ma sat la ty Id bac nha't v6i van t6'c. 

Nghidn cuu su phan b6' van t6'c, luc ma sat ridng va t6n tha't nang luong cua 
chay ting trong 6'ng tron nam ngang (Hinh 4-2). 

Tdn tha't nang luong trong o'ng: 


h w ~ ——— = —— (theo phuemg trlnh co ban cua chay deu) 

' ‘~ 2 y yR 


du 

ma r = —fJ .— (r tang u giam) do do: 
dr 
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Hinh 4-2. Phan bo van tor, Ceng suae cua eh ay tang trong ong trdn 


Pi ~ Py _ 2 H— — 
y y dr r 


Thay R = r/2 ta co: 


du = - ——- — rdr 
2 fiL 

Tich phan (4-2) tu r den R 0 ta co; 


"(du = - Pj-Pj- \rdr 
J, 2 flL r 


U ,U~ U r=- 


p,-p. 


{ti-r 2 ) 


(4-2) 


Nhtf da biet b tren, u K0 = 0. Vay d6'i vdi ba't ky di£m nao trong mat cit dong 
chay 6 khoang each r d6'i vdi true ong co van t6'c: 


' 4/j. 1 




(4-3) 


van toe cue dai khi r = 0: 


u — 

max 


A P n 

J J ■O 

4 (i l 


k, k. n 2 

Ta tmh duoc luu luong: Q = \dQ = \2nrdr — — R 0 u ( 

0 0 2 

Van toe trung binh: v = — = Umax - 

Q) 2 


78 



(4-4) 


T<5n that nang lurpng (do chenh ap): 


h =*P = 32^ 

y jd 2 

6 day d = 2r. Nhan tren va dudi vdi 2u va thay y - pg, ta co: 

64n Lv 2 


K 1-2 — 


udpd2g 


u v 1 

Dat — = v va — = — thi cong thufc t6n that nang lucmg trong chay tang 
ud Re 


P 


se la: 


h 


W1-2 


6±JL\d_ 
Re d 2g 


(4-5) 


64 


Dat — — X , ta se co: 
‘ Re 


hfVl-2 ~ -4- 


kyL 

d 2g 


(4-6) 


trong do X - he s6’ can doc dirdng. 

Cdng thirc (4-6) goi la c6ng thurc Darcy (do Darcy thiet lip nam 1856) 
b) Ton that nang luong doc dudng trong chay roi 

Trong cS'u true cua dong chay rd'i trong d'ng g6m 2 phin chfnh (hinh 4-3a): 
loi roi va ldp chay tiing sat thanh co chieu day <5^ 

30d 


S T = 


RekJ, 


Trong loi rd'i, van t6'c diem thay doi v6 trj sd va ca htrdng theo thcri gian. 
Ncu xet trong mot khoang thefi gian tircfng dd'i dai 7\ thi th£y u dao ddng 
xung quanh mot tri so khdng doi u (hinh 4-3b) goi la v3n toe trung binh 
thcri gian u : 
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a ) Ldp chay tang sat th&nh 




Hinh 4-3. a) Mat cdt ngang dong chay roi trong ong trdn 
b) Phan bo'van toe mach ddng trong chay roi 


- 1 


u = — 


T 



Luc <36 van t6'c tufc then u = u + u , u - van t6c mach d6ng. 

Trong thife t£ de xac dinh t6n that nang luong doc dudng trong chay roi, ta 
dung phurong phap gin dung vdi nhung gia dinh sau: 

+ Lien he binh phuong giua ton that nang luong va van t6'c; 

+ Co quan he giua dd nham cua thanh vori ton that nang luong; 

+ Coi trang thai chay r6'i voi gia dinh nhung dong nguyen t6' song song. 

Theo quan niem tren ta coi site can cua dong chay la g6m co sure can gay 
nSn tur ben trong chit long tie'p xuc vdri thanh dong chay. Viy bieu there cho luc 
ma sat rieng tren thanh co th£ xac dinh theo c6ng thuc: 

t 0 =bv 2 

Trong do: b - he s6' duqc xac dinh bang thuc nghidm (phu thu6c d6 nham 
ciia thanh va dang cua dong chay). 

Mat khac, tir phUcmg trinh co ban cua chay deu: t 0 =yRI 

Viy ta co: bv 2 = yRl 


Hay v = J-Vr7 


yy j / 

Thay 1 = —— va dat . — = c ta co bieu thuc tinh van toe trung binh trong 


chay deu: 
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v = CjRJ (4-7) 

Cong thuc (4-7) goi la c6ng thurc Xdzi, dung dd xac dinh van tdc trung binh 
trong chay ddu cua chat long trong dng, trong kdnh va trong thidn nhidn. 

Hd sd Cphu thudc hd sd nhdm n va ban kfnh thuy Inc /?, phdn ldm duoc xac 
dinh bang cdng thuc thuc nghidm (xem phu luc 2,3,4). 


fallr 

Thay 1 - 


vao (4-7) ta co: 


v = C 



Dodo: 


_ Lv 2 _ 4Lv 2 
~ C 2 R ~ C 2 d 
Nhfin Crdn va dudri von 2g: 


(4-8) 


C d2g d2g 


(4-9) 


O day A. =- goi la hd sd can doc ducfng. 


3. Ton that nang I iron g cue bo 

Ton that nang luong cue bd sinh ra khi thay ddi dot ngot mat cat, hay hinh 
dang dong chay (tri sd, phuomg, chieu cua van toe). 6 chd co sue can cue bd co 
the quan sat thdy hien tuong va dap va chay xoay. Su tucmg tac giua dong chay 
va cac chat diem chay xoay. Dd la nguydn nhan phat sinh ra tdn tha't nang 
luong cue bo. 

Nhidu thuc nghiem da chi'mg minh rang tdn that cue bo cung tuan theo cac 
qui luat phan bd nhu ddi veri tdn that doc dudmg. 

Thucmg dung cdng thurc Weisbach dd tfnh tdn that cue bd: 



(4-10) 


Trong do: 

v - van toe trung binh ddng chay thudmg ldy ct sau chd co sue can cue bd. 


5.GTTL-A 
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- hd s6 tdn that cue bo thuemg duoc xac dinh bang thuc nghidm (xem 
phu luc 1). 

Thyc nghidm cho bidt ton that cue bo khi chay r6i ty Id voi binh phirong 
cua v4n toe, luc do hd so ^khong phu thude vao s6' Re; khi chay t<£ng phu 
thude vao sd' Re. Mure do phu thuoc ay tuy theo mire do dong chay tang bi pha 
hoai khi co siic can cue bd, co thl sir dung cong thtre Antosu) d^ tfnh g trong 
dong chay tang: 

f-s +fr < 4 -"> 

Trong do: C,r - he s6' tdn that cue bd trong khu vuc binh phuong sure can. 

Gia tri cua A va cho trong biang 4 - 1. 


Bang 4-1 


Loai vat can 

A 

4> 

Khoa hinh nem 

150 

0,40 

Van thdng dung 

3000 

4,00 

Van nghieng 

900 

2,50 

Van bi 

5000 

4,50 

Ong ngoat 90° 

400 

1,40 

Chac ba 

150 

0,30 


Trong truemg hop tong quat, t6n that nang luong gifla hai mat cit 1-1 v& 2-2 
cua dudrng dng la bang tong so cac tdn that doc dubng va tikig sd' cac t<3n that 
cue bd: 


Kl-2 = I ^/ + I Kc 

i-I i~-l 

K XI v 2 n v 2 

hay = 

i-1 d, 2g <-/ 2g 


82 


6.GTTL-B 




X — 1 — la ton that doc dudng cua k doan ong; 

' ‘ d, 2g 

» v 2 

X C, ~ J ~ 1^ ton that cue bo cua n chd gay ra sire can cue bd. 

2g 


III. VI I)U - BAI TAP 
Vi du 4-1 

Dirong ong trong cap va thoat nude c6 dudng kfnh be nh&'t d min = 3500 mm. 
Van td'c tmh loan cua nude trong dirdng ong la v = 0,5 4- 4 m/s. 

Xac dinh so Raynon Idn nhat va be nhat va trang thai chay cua nude trong 
cac dng nay. 

Giai: 


Nhiet do cua nude trong cac he thong crip va thoat nude co the thay doi tir 
00 den 300, con do nhdt dong hoc v 0 = 1,78. 10' 6 m 2 /s va v ?0 = 0,81. 10" 6 m 2 /s- 
So' Raynon be nhat irng vdi d 111in = 3500 mm; v min = 0,5 m/s va v 0 = 1,78. 10' 
6 m 2 /s, ta co: 


Re n „ n =—’ 0 -^r = 33 70 

1,78. ur 6 


Tucmg tu: Re mm = ~^—= 17260000 
0 , 81 . 10 6 


Ngay ca so Rayndn Re mm ciing Idn hem so Raynon phSn gidi dudi Re fgJ = 
2320 , vi vay trong cac dudng ong cap thoat nude, trang thai chay luon ludn la 
chay roi. 

Vi du 4-2 

Nude chay tir binh chuta qua mot dudng ong dat nam ngang co tidt di&n 
thay doi noi tiep nhau 0, = 75 mm; d : = 100 mm; d, = 50 mm. Dd cao cdt nude 
trong binh chtira ke tir true ong la H = 1 m. Gia thiet chi tmh tdn that cue bd 
dong chay dimg. 

a) Tmh ltru luong cluiy qua ong; 
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b) Ve dtrcfng nang, dircrng do ap; 

c) Neu bo qua doan 6'ng thur 3 thi duong nang va duong do ap co gi thay doi? 



Giai: 

Chon mat cat di qua true 6'ng (1-1) lam mat chuAn, vi£t phuong trinh 
Becnuli cho 2 mat cat (0-0) va (3-3), sau khi don gian va thay z„ = H ta co: 


H = 



+K 


Trong do: h w = h i t + h c2 + h r< 






8Q 2 



8Q 2 

g* 2 dt 


K4 







Tir do suy ra: 

H = ^ + h cl + h c2 +h cS = 
2g 


16Q 2 

2g 



n 2 d / 


+ 



r dl \ 

1 + 0,5 



l dt) 


1 

V 2 d ; 


Thay s6 vao cac bi£u thurc tren ta ti'nh dirge: 

Q = 7,7 //s; h ( .j = 6,6 cm; h l2 = 26,4 cm; h c3 = 25 cm 

2 2 7 

= 13,4 cm ;= 4,75 cm; — = 42 cm 

^ ^ 2g 

Duemg nang va duemg do ap theo ap suat dir dirge bieu diSn tren hinh ve. Tir 

hinh ve cho ta thAy rang tren mat nude cua binh chura ta xem van td'c v va ap 

su£t du bang kh6ng; do do duemg nang va duemg do ap bi6u dien dai lugng z = 
H, nghTa la chung trung vdi mat thoang. Ve duemg nang hinh bac thang thA'p 
dan co d6 chenh timg bac lAn lugt la h ct , h i2 , h i3 . Tir do suy ra dudng do ap bang 
each ha cac bac thang cua duemg nang cac tri s6 lin lugt la: 

—2— = 13,4 cm ; = 4,15 cm ; = 42 cm. 

2g 2g 2g 

N£u cat bo doan 6'ng thu ba thi tir phuerng trinh Beenuli ta suy ra rang luu 
lugng Q se tang vi h w giam. Trong truemg hgp nay, dang tong quat cua duemg 
nang se kh6ng d6i edn duemg do ap a doan 6'ng 2 se trung true ong. 6 doan 
cuoi duemg do ap theo ap suA't du trung true 6'ng. 

Bai tap 4-1 

Co 2 6'ng nhu nhau, d - 150 mm, I = 100 m, d6 nham tuydt d6'i cua 6'ng A 
= 0,1 mm. M6t 6'ng co nude chay va mot 6'ng co dAu chay vdi cung kh6'i lugng 
M = 7500 kg/h. Kh6'i lugng rieng ciia dau p (l = 860 kg/m 3 va cua nude p„ = 998 
kg/m \ He s6 nhdt d6ng cua dau v d = 0,2 cm 2 Is va cua nude v„ = 0,0101 cm 2 Is. 

Xac dinh tdn that doe duemg trong 6'ng? 

Dap s6: h wn = 0,0122 mH 2 0; 

h wJ =0,04 mti 2 0; 
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Bai tap 4-2 

Mdt may bam lay nirdrc tir gid'ng vdi Iiru luong Q = 50 Us. Nude co nhiet dd 
2(fC. Xac dinh chidu cao ldn nhat H, tfnh tu mat nude den true may bam (hinh 
ve) ndu ap suat trude may ban p 2 = 0,3. 10*Pa. Tren dudng dng hut bang gang 
co dudng kfnh d = 0,25 m va chieu dai I = 50m co mot ludi chan rac, khuyu 
ngoat em vdi ban kfnh R = 0,5 m va mdt khoa didu chinh duoc md 45%. 

Dap so: H, <6,2 m 





Bai tap 4-3 

Xac dinh tdn that nang luong khi nude d nhiet dd Itf'C, chay qua dudng 
dng, co dudng kfnh d - 200 mm, chidu dai / = 200 m, dd nham tuydt doi thanh 
dng A = 0,5 mm. Van tdc nude v t = 0,1 m/s. 

Ton that nang luong la bao nhidu, neu van tdc trong dng v, = 0,8 m/s. 

Dap so: h wl = 0,014 m; 
h w , - 0,812m 
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Phin ba 

TINH TOAN THUY LUC 

■ 

ou6ng ONG VA CONG TRINH 


Chifdng 5 

TINH TO AN THUY LI/C DLfCJNG <5 nG CO Ap 


Trong ky thu&t va trong thuc tidn san xui't ta gap nhifeu trudng hop cac loai 
chat long chay trong cac dudng 6'ng c6 ip khac nhau vdi cic nhifem vu khac 
nhau (Nhir 6'ng din nude trong he thong cung cap nude, 6'ng din nhifen li6u, 
din hoa chit trong cac thidt bi may moc, he thd'ng truydn d6ng, truydn luc...) 

Muc dlch tinh toan thuy luc dudng 6ng la thid't kd' hd thd'ng dudng 6'ng mdi 
hoac kiem tra dd sira chua, didu chinh hd thd'ng sSn co cho phu hop vdi yeu ciu 
cu the la xac dinh m6t trong cac thdng s6: Luu luong Q; c6t ap H tai diu hoac 
cud'i dudng 6'ng, dudng ki'nh d hoac ca d va H. 

I. CO SO LY THUYET TINH TOAN DUONG ONG 

1. Phan loai 

Dua vao dac did’m tdn that nang luong trong dudng 6ng h w , chia dudng 6'ng 
thanh 2 loai: 

- Dudng 6'ng ngin: La dudng 6'ng cd chidu dai kh6ng dang ke, tdn thit 
nang luong cue bo la chu yd'u (h m . > 0,1 VI du 6ng hut bom iy tim, dudng 
6'ng din nhien lidu, din diu b6i tron trdn cac d6ng co... 
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- Dirdng 6'ng dai: La ducmg 6ng co chifeu dai lorn; t6n that nang luong doc 
ducmg la chu yd'u ( h m < 0,1 /?„,). V( du cac ducmg 6ng trong h£ th6ng cung cap 
nude, d5n nhidn lidu tur bd chuta tdi cac di6m phSn phoi... 

Can cti vao di£u kien thuy luc va c&'u true ducmg 6'ng, chia ra: 

- Ducmg 6ng don gian la ducmg 6'ng co ducmg kfnh d hoac luu luong Q 
kh6ng d6i doc theo chieu dai ducmg 6'ng (Hinh 5 - la). 

- Ducmg ong phurc tap: d va Q thay doi, nghla la g6m nhiSu ducmg 6'ng dem 
gian ghep noi lai nhu ducmg ong c6 mach re (Hinh 5 - lc), ducmg o'ng chia 
nhanh song song (Hinh 5 - lb), ducmg 6'ng co mach vong km (Hinh 5-1 d)... 


a) 



Hinh 5-1 . Cdc loai dudng ong phuc tap 
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2. NhCmg cong thurc dung trong tinh toan thuy lire dtfdng ong 

- Phuefng trinh Beenuli ddi ved chat long thuc {h w t6n that c6t ap = ton that 

nang luomg defn vi). 


Z, +^± + 


Pi a i v i 


Hay 

Trong do: 


r 2g 

h, = h 2 + h w 


_ p 2 a 2 v 2 
Z, + J - J - + — 2 - J — + h 

r 2 g 


u. 

H, = Zj + — -I-- C6t a P d£u 6'ng 

r 2 g ’ 


h 2 = z 2 + 


P2 , «2 V 2 


r 2 g 

- Phuong trinh luu luong: Q = v co 

- C6ng tilde tinh h w : 

l v 2 v 

-; h=C 


- Cdt ap cu6'i dng 


wd 


d 2g 


2g 


Dua vao cac phuefng trinh tren suy ra c6ng thurc chung:/(A/ /p H 2 , d, Q, 1) =0 


n. TINH TOAN THUY LlTC HUONG 6 nG DON GIAN 

1. Tinh H, khi biet H 2 , Q, 1, d, n (do nham tifdng ddi) 

Tut phuefng trinh Beenuli: 


H = H J ~H,=h(zC + H.P 

V dj 


8Q 


n 2 gd 4 


Suy ra 


( / N 

n,= X.C+1-, 


8Q ! ,, 

, 7 + H 2 

n 2 gd 4 2 


(5-1) 


Cong thuc (5-1) dung khi can tinh dd cao thap nude hoac cdt ap dau mdt 
doan 6'ng. 
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2. Tinh Q, biet H 1P H 2 ,1, d, n 

Til (5 - 1) ta rut ra: 




(5-2) 




Dua vao cong thirc (5 - 2) ta tha'y du da bi6't H,, H 2 , l , d, n nhimg chua 
xac dinh A=f (RJ. Bai toan phai giai theo phucmg phap thur ddn dd chon dung A 
til d6 gia tri Q cung la dung. 

3. Tinh d, biet I, H 1P H 2l Q, n 

a) Phuomgphdp ihu dan: 


Til (5-1) suy ra: H l —H 2 ~h + 


P1-P2 


d )n gd 


Ta gia thidt cac gia tri khac nhau cua d, tir do xac djnh A , J/Tr<5i thay vao 

vd phai cua phuong trinh tren. Neu gia tri vd phai f (d : ) = h + ——— thi d, 

y 

chinh la ducmg kinh 6'ng cdn tim. 
b) Pht/cmg phdp do thi: 

o ( i\ 

Tir (5-1) suy ra: - Z.C + A— \Q 2 

x gH \ d) 


va dat: 


y, = d 4 

y ! = f(d) = ~{l.(+^)Q 

n gH'y d) 


Bidu didn hai ham so nay trdn ciing m6t d6 thj, giao didm cua hai ducmg 
cong chidu xudng true d cho gia tri d edn tim. 

4. Tinh d, H„ biet H 2 , Q, I, n 

Truong hop nay trude het xac dinh d theo vdn toe cho phep (V&n tdc kinh 
td) de dam bao liiu luong Q sau do tinh H, nhu bai toan 1 

*Vi du: Bom banh rang phai ddy ddu vdri luu luong Q = 0,2l/s vdo trong 
binh chura (thdng vdri khi quydn) (hinh 5-2). Xac dinh ap suit ddy edn thidt cua 
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bam neu bifit: dircmg kfnh ong day d = 2cm , chi£u dii cua no l = lm , = 4. 

Khoang each tir mat thoang binh ddn true bam z = 1,4m. D6 nheft cua diu 
v= 0,2cm 2 /s, trong I iron g rieng cua da'u y= 8450N/m. 

Giai: Xac dinh trang thai chay cua d&u: 

4Q 4.0,2.10 3 


R.= . 

ndv 


n .2.0,2 


-637 < 2320 chay t5ng. 


v 


Bo qua - vi v be : 

2 g 


8 


H,-H 2 = 2 

7T g 




/ 


QL 

d 4 


va neu lay mat chujin qua tarn bom thi la co: 


P, 

Y 


Pj 

r 


rL-r2.-Z = 


Ck + Cdm + 2 ~. 

d 


8Q 


7T 2 gd 


Trong do: p, , p : - ap suit cua bom va ap suit tai mat thoang trong bmh 
tfnh theo ap suit du; 



Hinh 5-2. Xdc dinh dp sudt day cua bam banh rang 
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Do do: 


Q,„ - hd s6' t6n that tai chd n6'i vao binh 


p,=p 2 +yZ +\C K +C dm + k 


/ 


8Q 2 


n 2 gd 4 


= 13.580N/m 2 


m. tInh toan thuy lljc dugng ong phltc tap 

Tinh toan duong 6'ng phdc tap dua tren co so ti'nh toan dirdmg 6'ng dcm gian. 
Sau day ta xet m6t so he th6ng dufrng 6ng phiic tap thufrng gap. Trdn co so do 
suy ra each tinh toan cac he thO'ng khac. 

1. He thong dirdng ong noi tiep 

a) Tritdng hap ndi tiep kin (Hinh 5-3) 

D3c diem thuy luc: 

Q = Q,= Q 2 = .= Q n 

H = H,+H 2 + . + H„ 

^(Uui ~ hii uni ii ^ 4 " £h wt . 


^ 


l„d, 


Ld 


U.d 


2 lW 2 


3* 3 


Hinh 5-3. Sadd dudng ong nd'i tiep kin 
h) Trudng hap ong noi tiep co rd ri chat long a cac chd ndi (Hinh 5-4) 

Q, = Qi + Qn = Qj + Qn + Qn = . = Q, + 

/ 

H = xK d + i:h w ,. 


7 

Q 


jj" 

q 2 

~ir“ 

—7 

q 3 

~"L_ 

K 


,rQ t2 




Hinh 5 - 4. Sadd ong ndi tiep co rd ri chat long a cac chd ndi 


Chii y: D6'i veri diremg 6ng dai c6 thd la'y £ h w< . = ( 0,05 +0,1) £h y . ( , 
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2. He thong discing ong noi song song (Hinh 5 - 5) 


•iA'Qi 



Q - Qi + 0.2 +.+ Qi +.+ Q,„ = XQi 

/=/ 

H Mu - H, uai = H = H,=H 2 = .= H, = . 

H/ ~ h </, + £h ,, + h„ w + h „ 


Trong do: h„ ,,, A „- Ton that nang luong tai nut vao va nut ra cua dong 
chay qua 6ng thur i 

Eh t ., - Tdng tdn that cue bo trdn doan 6ng thu i 
h t)j - T6n that doc dudng tr6n doan 6ng thu ; 

3. He thong dudng ong phan phoi lien tuc (Hinh 5-6) 

- Luu luong tr6n m6t don vi dki) 

Tmh ton that nang luong dh tren dx ( coi luu luong kh6ng d6i tr&n dx) 

NSu coi tr£n dx , £ £ = 0 


dh = 


8 dx 

'- A —j 

7T 2 g d 


Qr + Qff 



l 


y 

X 

/ 
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Hinh 5-6. Dudng dug phdn phoi Hen rue 


Suy ra: 

H *=ik x i{ Q ' , + Q ' Q '+ L 3 Q '} 

h tj - Chfnh la d6 chenh c6t ap trfin doan / 

4. He thong dirdng ong phan nhanh hef 

Trong tfnh toan thuy lire duemg ong phan nhanh her thiremg gap 2 loai bai 
toan: Thiel k6 va ki&n tra. 

- Bai toan kiem tra la cho trUtfc cpt ap a diu duemg 6ng, kiem tra lai xem 
sau khi bi t6n that nang lupng trong qua trinh vdn chuyfen, c6t ap con lai cu6'i 
duemg 6'ng (ncri ti6u thu) co du yeu c£u khong? 

- Bai toan thi6't ke la tfnh duqc c6t ap cua ngudn can thiet du de thSng moi 
sire can tren dubng ong, thoa man yeu cdu c6t ap va luu lupng cr noi tieu thu 
(cud'i duemg 6'ng) 

* Cdc bude gidi bai toan dudng ong phdn nhanh: 

Thong thiremg trong mpt bai toan thi£t ke ngiroi ta cho nhtJng s6 li&u sau: 

- Luu lupng c6t ap yeu cdu tai cac nefi tidu thu: Q t ; H { 

- D6 cao hinh hoc cua cac diem trong he thP'ng duemg 6ng: Z, fTfnh tu mol 
mat chuan chung) 

- Chidu dai cac doan 6ng: /, 


94 



- Hd s6 nham n hoac d6 nham A cua ong. 

Yeu cfiu xac dinh dudng kinh cua cac doan 6ng va c6t ap cua ngudn H n . 
Bitoe 1: Tinh ducmg ong co ban: 

Chon ducmg 6'ng co ban (duomg 6'ng chinh) la nhanh ducmg 6ng co yeu cflu 
vd nang luong van chuyen chat long cao nh£t (thucmg chon nhanh co Q Ion va / 
dai nha't). 

- Xac dinh ducmg kinh ducmg 6ng co ban theo van t6'c kinh td'. 



- Xac dinh c6t ap nguon H n 
Buoc 2: Tinh ducfng 6'ng nhanh. 

Nhidm vu cua viec tinh ducmg ong nhanh la xac dinh duoc ducmg kinh cua 
no. Tuofng tu nhu bai toan 3 (duimg 6ng dcfn gian) vdd dieu kidn xac djnh duoc 
c6t ap dau nhanh. 

* Vi du: Tinh toan thuy luc hd thb'ng ducmg 6'ng phan nhanh (Hinh 5-7) 

Cac s6 lieu cho: 

- D6 cao hinh hoc: Z A ,Z B ,Z C , Z D , Z £ ,Z K ,Z L ,Z N \ 

- Luu luong ydu cdu: Q K ,Q N ,Q L ,Q E \ 

- Chidu dai timg doan ong: /,, /,, /,, l 4 , l s ,l 6 ,l 7 \ 

- C6t ap yeu c^u: h K , h E , h L , h N . 

Xac dinh ducmg kinh 6'hg vii c6t ap c&n thid't H A a dSu hd thd'ng ducmg 6ng. 
Theo so d6 tren chon ducmg 6'ng co ban la ABCDE . 

Xac dinh luu luong trdn timg doan ducmg ong : 

0.7 ~ Qn > Q(i ~ Qe * Qs = Qe + Qn > Q* ~ Ql * Q 3 — Ql Qe "b Qn '■> Qi ~ 
Qk > Qi = Qk^'Ql “b Qe "b Qn > 

Xac dinh ducmg kinh cac doan 6'ng: 


d 6 




Ql 

V KT 


95 




Hinh 5-7. So dS dudng ongphdn nhdnh ho 


- Xac dinh t6n thdTt c6t ap tr6n cac doan ong : 


h 6 = + ^ 


8 q 6 2 


h 5 = 


T.C + * 


H,= 




d 6 ) 

O 

1 2 j d 

'* d 6 8 

8 

^5 / 

2 i 4 

* d s g 

1l' 

Oo 


Qs 


d,)7r d, g 


Tri s6 c6t ap cSn thig't H A b ddu he thd'ng dudng <5ng diroc xac dinh: 

H A = H l +H, + H 5 + H 6 + (Z E + h E ) 
tmh dudng dng nhanh ta xdc dinh cdt dp a cac diem B ,C ,Dx6\ tmh tdn 
that nang luong trong cac dudng ong nhanh BK, CL va DN va cud'i ciing chon 
dudng kfnh cua cac dudng 6'ng nhanh d 2 , d 4 va d 7 . Sau do tig'n hanh kiem tra: 


Doan BK: 


Doan CL: 


h r -h k > 


h c -h l > 


E<r+^ 

a 


\ 


1,4 Qk 




2 J 
\ 


*'d 2 g 

8 


4 J 


x d 4 g 


4 Ql 
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Doan DN\ 


H b -H„ > fl<r + *V| -777-0, 

'v d 7 J n d 7 g 

Neu thoa man thi tot, khong thoa man thi phai chon lai duong 6'ng cct ban 
va tmh lai. 

Trong trirdng hop cho trudc c6t ap d^u hd thd'ng dudng 6'ng H A , ta xem 
dudng 6ng co ban ABCDE nhu dudng o'ng don gian mic nd'i tiep co luu luong 
va dudng kfnh o'ng khac nhau. 

Tmh xong dircmg o'ng co ban ta bid't duoc ton that c6t ap cua timg doan 6ng 
va tmh doge cot ap 6 cac diem dau do6ng 6ng nhanh B, C, D; roi chon dudng 
kfnh cac ong nhanh nho 6 trudng hop biet chidu dai /, luu luong Q va ton that 
nang luong h w 6 ong don gian. 

5. He thong di/dng ong vong kin 

Gia so xet mot hd thong duong 6ng vong kin gom c6 6'ng chinh AB va mot 
vong kin ACDEFB (hinh 6-7). Luu luong thao ra 6 cac di6m B, C, D, E, F la 

Qa > Qb > Qc > Qb ' Qe Qf ■ 



Vf 

Hinh 5-8. Scr do he thong dudng ong vdng km 


Trudc he't ta chon phuong chuyen d6ng cua ch£t long. L&'y di6m xa nha't 
lam diem thao nude cud'i ciing. O so do nay ta co the M'y di£m D va nhu v&y 
chd't long se chay den diem D tir hai phia. 

Sau khi xac dinh xong hudng chuyen dong ta tmh toan nhu d truemg hop co 
mach re song song va ton thA't trong hai nhanh BCD va BFED bang nhau: 


7 GTTL-A 
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l WBCD ~ h\VDFED 


Neu dieu kidn tren khong thoa man, phai chon lai di£m thao nuPc cuP'i 
cung hoac thay doi ducmg kmh cac doati ong. 


IV. PHl/ONG PHAP DUNG Ilf: SO DAC TRUNG LUtJ LU0NG K 
1. Noi dung 

Phirong phap nay dung de tfnh toan cho dncfng ong dai, chay r6'i va chay 
ddu co ap. 

Do ong dai nen H = h w x h w j = Jl. 

Trong do: J - Do doc thuy luc; / - Chidu dai ong. 

Van toe cua dong chay dlu dupe xac dinh thco c6ng thue Sedi: 

v = c4rj 


Jfd\ 

Trong do: R -Ban kmh thuy luc; C = — — 

n\4 


- He s6 Sedi 


n -Dp nham tuong dP'i; y - He so phu thuoc Rvan 
Do do, luu lupng qua ong la: 


Q = coC 4RJ = KyfJ 


Voi./ =1 thi Q = K (m*/s), co nghTa K la luu lupng cua dong chay qua mat 
cat uert khi d6 doc thuy lire bang 1 don vi va d»fpc goi la he s6' dac trung luu 
lupng K-K(d,n). 


Thay J=h Wl , // vao Q, ta co H - h W( , 


= I 


K 


(5-3) 


Cac gia tri cua K (hoac !/K 2 ) dupe tfnh san cho cac loai duevng ong co d va 
n khac nhau ung voi v >1,2 m/s (chay roi hay la khu vuc sue can binh phuong). 
(Xem phtln phu luc 5, 6). 

Ung voi chay tang v <1,2 m/s phai nhan (5-3) voi he so hi6u chinh ton that a: 


Kd=a Y jl 


(5-4) 
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7.GTTL-B 



Bang 5-1 


V 

0,2 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

U 

1,2 

a 

1,41 

1,2 

1,15 

1,115 

1,085 

1,06 

1,04 

1,03 

1,015 

1 


2. Ling dung de giai 4 bai toan cd ban 

a) H, = ?// = //,- H 2 = h Wl , = (QIK) 2 1 
Suy ra H, = (Q/K f I + //, 

b) Q = ? Tbr (5-3) suy ra: Q = K 

K - Tra bang theo tri so d va n da cho. 

c) d - ? Theo dau bai la tfnh dirge K 

Tir K va n da cho, tra bang ngiroc lai tim d trong bang tri s6 K 

d) d, H, = ? Chon trifdc d theo , sau do dtra vao d va n tra bang tim K 
tucmg utag 

Tir K, Q, 1 tim dirge//,//,. 

3. L/ng dung de tfnh dudng ong phiirc tap 

a) Dudng ong not tie}): Q bang nhau, H =£H, 




m l 

H = Q 

i=i K 



b) Dudng ong song song: H blng nhau; Q - XQ, 


Q,=K, 




Suy ra 


tV r -- IT} fiX 

e=LS=VtfT-j= 

“'Vt 


c) Dudng ong phdn pho'i lien tuc: 
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H = 


K 


Q,'+Q,Qn+-.Q 


Jf 


jyiQ, +0,55Q,y 


hay: 


0 


K 2 


d) Dudng 6‘ng phdn nhanh hd: 

Ta cung chi a hd thd'ng dudng d'ng thanh duomg d'ng ca ban va dudng d'ng 
nhanh dd tfnh (nhu da trinh bay trong muc 4, trang 93) nhung vide tfnh toan 
duac don gian nhidu. 

- Khi tfnh dudng ong ca ban, dudng kfnh cac doan dng se tfnh theo van toe 
kinh te va luu luong yeu cau, con do chenh cot ap d£u va cud'i dudng 6'ng ca 
ban se la: 




i=l 


wdi 



m - So doan dudng 6'ng dan gian tao ndn dudng 6ng ca ban. 

Chu y ring H - ( Z D - Z ,) + h D - h r 

Trong do: Z„, Z, - Dd cao htnh hoc dau va cuoi dudng 6ng. 

' h a , /?, - Do cao do dp ydu cSu tai dau va cud'i dudng 6ng ca ban. 

- Khi tinh dudng ong nhanh, th6ng thudng dudng kfnh cua nd kh6ng duac 
tfnh theo van tdc kinh t£. No duac quydt dinh bdi luu lUOTig yeu cSu, dd chenh 
cdt ap dau va cud'i nhanh phu, nghTa la phai chon dudng ong co dudng kfnh sao 
cho vdi luu luong ydu c£u, dong chay trong do tdn that cdt ap phu hop vdi dd 
chenh cot ap gifta ddu va cud'i nhanh: 

Hd ■ H, = h wJ 


V. PHlTONG PHAP DO THIDE TINH TOAN DUONG ONG 

Tit cong thuc ca ban cua dudng 6'ng (5 -3): 


K=-p l Q ! = A Q 


Ta nhdn thdy vdi mot dudng d'ng xac dinh co / va d thi tdn that h w la ham sd 
cualuu luong Q . 

Dudng dd thi bidu didn ham sd /?„. = AQ 2 goi la dudng dac tfnh ong dSn. 
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Nd'u tmh cot ap cua dudng ong theo bieu thuc: 

H = z r + h r + K = H 0 + AQ 2 (5-5) 

H 0 = z, + h,. - Cdt ap d cuoi ducmg dng (co tri s6' xac dinh) 

Dudng bidu didn phirong trinh (5-5) goi la ducmg dac tmh dng dSn trong he 
thdng (each gdc toa dd mdt doan H 0 ). 

Truong hop H a = 0 , dudng dac tmh se di qua gdc toa dd. 

De co ducmg dac tmh chung cho dudng 6'ng gdm nhidu doan dng mac nd'i 
tid'p thi voi mdi luu luomg chay qua, tdn that se bang tdng tdn that cac doan 
o'ng. Ve dudng dac tmh 6'ng dSn cho timg doan dudng dng. Sau do ve dudng 
dac ti'nh o'ng din tdng hop chung cho toan bd hd thdng dudng 6'ng. 



Hinh 5-9. Dudng dac tinh cua ducmg dng g6m 2 dudng dng ddt noi tiep 

Vdi mdi gia tri Q nh&t dinh ta xac dinh dupe ngay gia tri £h w cua he thdng 
dudng 6'ng trdn do thi (hinh 5-9). 

Ndu dudng dng gdm nhidu doan mic song song thi umg vdi mdi tri sd cua 
tung dd (tdn that nang lupng hj ta edng ede tri sd cua hoanh dd (luu lupng Q) 
se dupe luu lupng chung cho ca dudng dng. Li'y nhidu didm nhu viy se ve dupe 
dudng dac tmh chung cho ducmg dng (hinh 5-10). 
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Hinh 5-10. Dudng ddc tinh cua dudng ong 
gom 2 dudng ong mac song song 

Trong trudng hop dudng ong phuc tap g6m nhilu doan 6'ng mSc song song 
va n6i ti6p thi ta ve dudng dac tinh cho nhflng doan mac song song va sau cung 
thi ve dudng dac tinh tong c6ng gom nhieu doan 6'ng mac n6i tiep. 

Dung phucfng phap do thi ta co th£ xac dinh dupe tdn that nang lupng cua 
dudng 6ng va do do xac dinh dupe cdt ap a d£u dudng 6ng khi bi6t luu lupng 
hoac ngupc lai xdc dinh dupe luu lupng chay qua dudng 6'ng khi cho trude cdt ap. 

VI. VA DAP THUY LUC TRONG DUCfNG ONG 
1. Hien ttfdng 

Va dap thuy luc la hien tupng bi6n doi ap su6t dot ngdt khi v$n t6'c cua 
dong chay tang hay giam dot ng6t. 

Va dap thuy luc co the chia ra va dap duefng (thuan) trong do vi van toe giam 
ma gay ra tang ap suit va va dap am (nghich) do van toe tang lam ap suit giam. 

Chang han, nude chay trong 6ng co ap. Neu ngan can d6t ngdt dong chay, 
vi du dong khoa lai thi ap sua't trong 6ng se tang 16n dot ngdt. Ap sudt ngay sat 
khoa se tang I6n trude, nude se bi nen lai. Sau do theo mure do dimg lai cua cac 
ldp nude ma su tang ap sua’t se nhanh chong truyen di theo dudng ong tao thanh 
song tang ap sua't. 


Su tang ap suit truyen di vdi toe do ldm se lam ep chat long lai va thanh ong 
gian ra. Sir bien dang dan tfnh ciia chit long va cua ong se sinh ra cung vdi toe 
do truyen tang ap suit theo chilu dai 6'ng. T6'c do truyen bien dang dan linh goi 
la 16'c d6 truyen song va dip. Sau khi ldp nude cu6'i ciing dimg lai thi tit ca 
nude trong ong d£u bi ep. Luc do ap suit trong 6'ng ldn hon ap suit Irong binh 
nen nude chay nguac ve blnh, ap suit trong ong se d6t ngot ha xuong. Su giam 
ap suit do cung se tirng ldp ma truyen tdi khoa nude va goi la song va dip 
nghjeh. Thai gian chay cua song va dip thuan va va dip nghich lam thanh mot 
pha cua song va dap. 

Qua trinh song va dip xay ra ri't nhanh (bdi vi tdc d6 truyen song va dap rit 
ldn). Su phat sinh ra pha va dip ductc lap di lap lai theo chu ky va giam din do 
co su tieu hao nang luang. Su tang cao ap suit khi co va dip thuy luc phu thuoc 
vao ap suit ban diu cua dong chay va ldn hem rit nhi6u so vdi cot ap tTnh giy 
ra dong chay. Hien tuong va dip thuy luc kha phuc tap, mai den nam 1898 mdi 
duptc nha bac hoc Nga Jucopxki phin lich co ly luin chat che. 

2. Tinh do tdng ap suait, toe do truyen song va dap 

Quan sat dudng dng co duemg kfnh d, didn ttch cua cac mat cit 6ng la a va 
chieu dai /, n6i vdi mdt binh chda (hinh 5-11). Trudc khi dong khoa co vin tdc 
v c va ap suit p e . 

Khi dong khoa dot ngdt cud'i dudng 6'ng, ldp chit long a gan khoa trdn 
doan Ax co khd'i luung pcoAx bi ep lai dudi tac dung cua luc quan tmh. Do do 
sau thdi gian At, ap suit d ldp do tang I6n Ap va vin to'c bing 0. Ta vie't phuong 
trinh dong luang: 

FAt - mAv 

LSig dung trong trudng hap xet ta co: 



Hinh 5-11. So do xac dinh va dap thuy luc trong ong 
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F = Apco, m = pcaAx , Av = v e - 0 
Thay vao phircmg trinh trim 

Apt!)At as pa>Ax v a 

A Ax 

Rutra: Ap'= p — v o (5-6) 

At 

Neu At 0 thi ta c6 ap suit cite dai d gin ch6 khoa: 

C = lim — 

A1-+1) At 


C -TPc dp truyen song va dip thuy life. Thay C vao (5-6): 

Ap__C_ v 


(5-7) 


Y S 


C6ng thirc (5-7) do Jucopxki dua ra, dung de xic djnh dp tang ap suit khi 
va dip thuy lire. 

Ung dung ly luin d6ng lupng vao kh6'i chit long giffa hai mat cat l-l va 2- 
2, va tmh sir thay dPi khPi lupng chit long trong doan Png cung vdi su biin 
dang cua thanh Png (theo dinh luit Hook) JucPpxki da xac dinh dupe cPng thuc 
di tfnh tie d6 truyen song va dap trong nude goi la t6c dp truyin nude va: 


C = 


1435 


1 + 


M 

ES 


Trong do : E a - mddun dan h6i cua nude; 

d - dudng kmh Png; 

E - mPdun dan hPi cua vit lieu lim Png; 

5 - chiiu dai thanh Png. 

Khi co va dip thuy lire, ap suit sinh ra rit ldn co thi giy ra vo Png, nin phai 
tim biin phap di lam' giam hoac ngan ngira, nhu dong md khoa van tur tit, dung 
Png cd dudng kmh ldn de lam giam van tPc, dung v4t liiu co mPdun dan h6i be; 
dung nhurtg thiPt bi tu dpng thio chit long khi ap suit vupt qua qui dinh ... 

3. ting dung hien tifdng va dap thuy lire 

Hipn tupng va dip thuy lire dupe Ipi dung trong cac berm nude va (hinh5- 
12). Nguyin ly lam viec cua berm nude va nhu sau: 
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Van A trdn dudng 6'ng dupfc difeu chinh d£ cho nude tir m6t b6 chua chay qua. 



Khi nao van toe cua dong nude dat tdi m6t tri sd djnh trude thi dong nude 
dong van A ddt ngot, sinh ra hidn tuong va dap thuy luc; ap sua't trong 6'ng dan 
nude tang vot lam md van B trong binh C, lam cho nude chay vao trong binh C. 
Do ap suSt binh C tang day nude ldn 6'ng day D. 

Khi nude chay vao bom thi ap sua't trong dudng 6ng giam, van B dong lai, 
van A tu d6ng md va hifin tuong tidp tuc lap lai. 

VIL VI DU - BAI TAP 
Vi du 5-1 

Dung 6'ng xiph6ng bang kim loai dan nude tu k6nh vao mang tudi (hinh 
ve). Chi£u dai 6ng xiphdng / = 20 m. D6 nham tuydt dd'i A = 0,2 mm. Tren 6'ng 

xiphong co hai chd vong 45° (vdi — — 1, C, — — =0,15) va ludi chan rac 

R 2 

ch6 vao 6'ng C = 5,0. 

Xac djnh: ; 

1. Dudng ki'nh 6'ng xiph6ng d, sao cho luu luong nude Q = 45 Us, d6 chenh 
muc nude H kh6ng vuot qua 1,7 m. 

2. Chieu cao cua 6'ng xiphdng trdn muc nude trong kdnh, d6 d6 chan khdng 
tai M khdng vuot qua 6,4 m c6t nude. 
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(0 = QJ_W = o > o 195 m 2 
v 2,31 

va tfnh dupe ducmg kmh ong d = 15,8 cm. 

Lay ducmg kmh 6'ng theo qui chua’n d — 175 mm (d tinh loan la 171 mm), 
co mat cat co = 0,0235 m 2 . 

Hd so can doc ducmg X, tfnh cho trudng hop chay r6i hoan toan (khu vuc 
sure can binh phuong) theo c6ng there Nicurat: X = 0,0204. 

Xac dinh lai van Coe trong ong: 

Q 0,045 ... 

v = — =-= 1,92 m/ s 

a 0,0235 

Bay gib xac dinh lai ton that nang luong trong 6'ng, co tfnh ca ton that doc 
ducmg: 


k. = 


\ d 


v 

2g 


0J020430 

0,173 


1-6,3 . 


1,9 2 2 
2.9,81 


- 1,64 m 


Nhu vly tdn that nang luong trong pham vi cho phdp (khbng vupt qua 
1,70 m). 

De xac dinh chi6u cao cua 6'ng xi phdng, vie't phuong trinh Becnuli cho mat 
cat (1 -1) va (2-2), la'y mat chukn (1 -1): 

P± = z+ Pl + }i + h 

Z ^ ^ ^ n wl-2 

r r ig 


Rut ra: 


z - 


Pa ~ Pi Vi ' 


y 


2g 


i + 


\ 


Ch0204J5_ 

0,173 


5,3 


1,9 2 2 
2.9,81 


= 4,98 m 


VI du 5-2 

Xac dinh ducmg kmh ong gang cua mang ludi phan ph6i nude (hinh ve). 
Luu luong nude b cac didm, viet trong vong tron, tfnh bang 1/s. D6 cao hinh 
hoc tai cac khau din va diem dung nude vid't trong tarn giac. Chieu dai cac 
doan 6'ng tfnh bang met, vid't c6 gach b dudi. 

Cot ap tu do d cac diem dung nude Ik 5 m; bo qua tdn that cue b6. 
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Gidi: 

Trade hd't ta chon duemg 6ng chrnh la ABCDEF, va xac dinh tdn thA't 
nang lucmg: 

YK = H A -(H F + 5) = 41-(8 + 5) = 28m 

D6 doc thuy lire trung binh trong duemg 6'ng chinh: 

J = 2X = - 28 - = 0,00983 

Y.I 750 + 700 + 800 + 200 + 400 

Dae tmh luu liiong vii duemg kmh cac doan 6'ng tren duemg 6ng chinh: 
O 2 8 2 

K 2 — —— =- = 6510 va d EF = 125 mm 

EF J 0,00983 


K—- - =33000 va 

DE J 0,00983 


150 mm 


K 2 =Q^ = -= 139000 va d CD = 200 mm 

CD J 0,00983 
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1(2 _ QbC 

^■BC ~ 


42' 


J 0,00983 


=180000 


K 


Q 


AB 


2 

AB _ 


60' 


J 0,00983 


=366000 


va 


va 


d BC = 250 mm 


d AB - 250 mm 


Van t6'c nurdc chay trong cac doan cua duomg <5ng chmh: 
_ Q ff _ 0,008.4 


EF 


o) EF 3,14.0,125 


= 0,65 m/s 


Q de 0,018.4 , n , , 

= —— =- t = 1,02 m/s 


DE 


0) DE 3,14.0,15 

0 017 4 

j = l,18s 


v _ &», 0M7-4 
CD co CD 3,14.0,2 


V BC ~ 


V AB = 


-ftil- 0,042.4 0JS5m i s 


co BC 3,14.0,25 ‘ 


Q 


AB 


0,06.4 


0) AB 3,14.0,25 


j = l,2m/s 


Nhir vay ta phai dira vao ha sd' b cho cac doan 6'ng co van t6'c nho hon 
1,2 m/s tfnh liru liiong cua 6'ng: 


K] r = = 91)25 = 8200 ^ 


K 


P 

K 


EF 

2 

DE 


1,10 

23890 


DE 


Pdf 

2 KL 110750 


= 232001 2 /s 


v CD _ 

PCD 


1,0 

363400 


K 2 = K^ = _ 

P RC 1,05 


= 110750 l 2 Is 


= 346000 l 2 /s 
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K'L = ^ = 363400 r-/s 


AB 


Pa b IP 

Tinh lai ton that nang lupng thuc te tren cac doan ong cua duong 6'ng chinh: 


‘wAR 


l wCD 


wEF 


_ QaB -I AB 

_ 60*. 750 _ . 

Kab 

~ 363400 ~ 

_ QbcJ-rc 

_ 42\ 700_ 

Klc 

" 346000 ~ 

_ Qcd-^cd 

37 2 .800 

K 2 cd 

" 110750 

_ Qde-Ide 

18 2 .200 _ 

Kdf 

~ 23200 ~ 

_ Qef-^ef 

_ 8 2 .400 _ 

Kl- 

8200 


m 


Ton that nang lupng cua ca ductng 6ng chinh: 

1 h w = 7,44 + 3,57 + 9,92 + 2,79 + 3,12 = 26,84 m 

Nhir vSy kh6ng vnot qua dieu kien cho phep £/t w = 28 m . 

Duong kfnh cac doan 6'ng nhanh dupe xac dinh theo luu lupng va ton that 
nang lupng cho phep. 

Tinh dac tinh luu lupng va xac dinh ductng kfnh ong: 

Ong nhanh BG, CK, DM: 

2 ^Qjcho_ 18^250 




K 2 ck = 


= 


h 

ri \\BG 

QcA 


CK 


41-7,41-2-5 
5\300 

Kck 41-7,41-3,57-9-5 
QIJdm _ 7 2 .300 


= 3050 va dgc = 125 mm. 


h 


W DM 


41-7,41-3,57-9,92-5-5 


= 470 va d CK = 75 mm. 

= 1460 va d DM = 100 mm. 
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Bai tap 5-1 

Xac dinh cot ap c^n thiet H cua be chua cung c2p nude cho mang ludi vong 
kin, bang Png thep. 

Luu lupng d cac diem C, D, E ghi d hinh ve. 

Cac sd lipu cho: d/ = 250 mm; d 2 = 200 mm; d, = 150 mm; d 4 = 80 mm; 
d s = 100 mm; I, - 800 m; /, = 200 m; /, = 300 m; l 4 = 400 m; /, = 500 m. 

Cot ap tu do d cac di^m dung nucrc la 5 m. 

Bo qua ton that cue bp. 

Dap so : H = 18,28 m 



Bai tap 5-2 

Xac dinh duong kinh cua tat ca cac doan ong bang gang cua mang luoi 
phan phoi nude (hinh ve), va tfnh cot ap c£n thiPt d A, sao cho cdt ap tu do d 
cac diem dung nude khong nho hem 5 m. 

ChiPu dai cac doan ong va lmi lupng cac di^m dung nude cho nhu sau: I AB 
= 500 m; l BK = 700 m; l DF = 300 m; l BC ~ 600 m; l CM - 250 m; I CD = 300 m; l DN 
= 600 m; 1 DE = 400 m; Q K = 10 lls; Q M = 15 Us; Q F = 5 I/s; Q c = 20 I/s; Q t = 
5 I/s; Q n = 10 I/s. 

Dp cao hinh hoc tai cac diPm ghi trong tarn giac trPn hinh ve. 

Dap so: d AB = 300 mm; d BC = 250 mm; d DC = 150 mm; 
d DE = 100 mm; d BF ~ 75 mm; d BK =125 mm; 
d CM = 125 mm; d DN = 125 mm; H A = 20,74 m. 


Ill 






Bai tap 5-3 

Nirdrc chay vcri luu lirong Q-95 Us, trong ducmg 6'ng thep dai / = 100 m. 
Xac dinh ap suit tang len trong ong, nd'u dong khoa a cu6'i dux/ng 6'ng trong 
0,1 s. 

Thcri gian dong khoa la bao nhidu, de ap suit trong ong kh6ng tang qua 
0,5 at. Dircmg kinh 6'ng d = 300 mm. 

Dap so: Ap = 1340 kN/mt = 5,5 s 
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Chifcfng 6 

DONG CHAY QUA l6 - VOI - DAP TRAN 


Trong thuc te thircmg gap nhiJng truong hap chay qua 16, voi nhu thao nude, 
nhien lidu tir be, thung chua... mroc hoac chat long khac chay qua dap tran d£ 
didu hoa mue nude hoac do hru luong... 

Muc dich chfnh cua tinh loan thuy lire dong chay qua 16, voi, dflp tran la 
xac dinh van loc va liru lurcmg. Vd thuc chat bai toan nay chi la su ap dung linh 
hoat phuong trinh Beenuli, phuemg trinh lien tuc va each tinh ton that nang 
luong trong nhung didu kidn anh huong ddn tinh cha't dong chay. 

L CAC YEU TO ANH HU6NG HEN DONG CHAY QUA L6 - 
PHAN LOAI 

1. Anh hirctng cua moi trirdng bao quanh: Chay ti/do, chay ngap 

Tuy theo dong chay long sau khi qua khoi lo chay vao m6i trading khi hoac 
vao m6i trircmg chat long ta goi la chay tu do (hinh 6-1) hay chay ngap (hinh 6- 
2). Neu chay ngap, dong nang cua dong chay qua 16 bi tidu hao vao vide tao 
ndn nhung xoay trong moi trading chat long. 



Hinh 6-1. Chay tu do qua Id Hinh 6-2. Chay ngap qua Id 


8 GTTL-A 
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2. Anh hitting cua kich thirdc so sanh giufa 16 va cot ap H tren 16: 
L6 nho, lo to 


Goi d la kich thirdc dac tnmg cho 16, ta co: 
L6 nho khi d <0,1 H 
L6 ldn khi d >0,1 H 


Doi vdri 16 nho, c6t ap H tren moi diem cua 16 co the coi nhu blng nhau. 
Trai lai, dd'i vdi 16 to, c6t ap tai cac diem phfa tren va phi a dudi khac nhau 
ro r£t. 


3. Anh hutting be day thanh cua lo: Lo thanh mong, lo thanh day. 
Hien tuong co hep dong chay 


Tuy theo quan h6 kich thirdc so sanh giua be day thanh 16 S va dtrdng kmh 
d ta ph&n ra: 

- Lo thanh mong: 8 <( 3+4) d. Dong chay sau khi qua khoi canh 16 kh6ng 
tiep xuc vdi thanh cua 16 ma tidp tuc thu nho mat cat, tao n6n hidn tirong co hep 
dong chay (hinh 6*-3). Vi du dong chay khoi 16 tarn giac co dang hinh sao 3 
canh, chay khoi 16 tron co dang hinh elip. 

De danh gia muc do co hep dong chay, trong thuy luc dung khai niem he so' 
co hep dong chay s la ty s6 gida di6n tich mat cat co hep (co,) va mat cdt 16 (co) 


e 



co 


( 6 - 1 ) 


- L6 thanh day: 8 >( 3 +4 ) d. Dong chay qua 16 th&nh day cung co bi co 
hep, nhimg sau do md r6ng ra va bam vao thanh cua 16, chay diy 16. 

4. Anh hiring vj trl 16 tren thanh be chuta: Co hep hoan chinh, 
khong hoan chinh 

Tuy theo vj tri cua 16 xa hay gin cac thanh khac cua be chua (thanh b6n 
hay day) su co hep cua dong chay se hoan chinh hay kh6ng hoan chinh. 

N6u canh bdn va day d canh 16 ldn hon 3 lin kich thirdc cua 16, dong chay 
qua khoi 16 se bi co hep mure do ldn va dong deu ve moi phfa: Ta goi su co hep 
nay la hoan chinh (Hinh 6 - 4 - L6 I). 
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Hinh 6-3. Ddng chay co hep qua IS Hinh 6-4. Cdc vi tn Id dnh hitang 

den dieu kien co hep 


Ngugc lai, 16 cang gAn cac thanh day be chita (hi miTc do co hep cang giam 
va sir co hep cung kh6ng dong deu theo nnqi phfa. Truong hop nay la co hep 
khong hoan chinh (Hinh 6 - 4 - Lo II; III) 

5. Anh hi/dng cua cot ap tren 16 va so R e 

V6i c6t ap nho, van toe qua 16 nho, s6 R c nho, anh hirong cua Iuc nhot 16n 
nhidu so voi luc quan tinh. D£n muc d6 nao do se khong co hien tuorng thu hep. 
Neu cot ap giam dAn, dong chay se khong 6n dinh. 

So R r anh huong den dong chay qua 16 ihong qua cac he so vAn toe (p , he so 
luu luong //, he so ton that cua 16 4"ma sau nay ta xet. 


H. TINH TOAN THUY UiC DONG CHAY QUA l6 NHO THANH 
MONG KHI COT AP KH^NG d6i 

I. Tinh toan thuy lire dong chay tir do 

Quan sat dong chay qua 16 nho thanh mong (Hinh 6-3) 

Viet phuong trinh Becnuli cho mat cAt 1-1 va mat cAt co hep dong chay c - 
c. Mat chuAn di qua tarn mat cAt co hep. 





_ P a , <*y e , & 

2g r 2g 2 g 


( 6 - 1 ) 


Trong do: V! - VAn toe trfin mat cAl 1 - 1 
v c - Van toe tren mat cat co hep 
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Dd tinh lull lupng chay qua 16 1cm, thucmg dung cong thurc: Dat 


H 0 = H, 4 


ay, 

2g 


la col nude toan ph4n hay ty nang toan phan tnen trong tarn 16. 


Ta tmh diroc v„ theo bieu thuc sau: 


v = 


a, +C 




( 6 - 2 ) 


(p - He s6 van toe, co thd xac dinh true tid'p bang thuc nghiem. 

Ltru lupng dong chay qua 16 : 

Q = G>c v c = S(j)(p^2gH n = jU(Osl2gH 0 (6 - 3) 

// - La hd so luu lupng cua 16, lu6n < 1 (L6 co hep hoan chlnh fj. - 0,60 + 
0,62) 

* Luu y: - Cac hd s6' e , <p, /u phu thuoc trade tidn vao loai 16, s6 /?,, tidu 
chu^n co ban cua tuong tu thuy d6ng luc. 

- Tradng hop ap suat Iren mat tu do cua chat long khac ap suat khf quyen 


(P n > P a ) thi c6ng thuc (6 - 2) va (6 - 3) co dang: 


V C=<Pj 2 g 


/ P - P ^ 
H.+21 - fl 


r 


Q = p(o\2g 


x P — P ^ 
H n + -* 


0 


V 


r 


(6-4) 

(6-5) 


Q 


2 

3 



H 


o 2 


3/2 


- H 


3/2 


o 1 


Nhung 6 day, hd s6 luu lupng cua 16 lorn (//) dao dong trong mot khoang 
rdng do nhicu ye'u t6' anh hudng den tri s6' cua no: ktch thude va dang 16, cot ap 
trdn midng 16, didu kidn chay, co hep dong chay, dac diem gia edng canh sac... 
(co th£ su dung bang tinh // cua Pavolopski dd’ chon, tinh toan 16). 

2. Tinh toan thuy lire dong chay ngap 

Dong chay qua khoi 16 thanh mong ngap dudi mat nude, hinh thanh mat cat 
co hep c-c tai 16 ra. Ap dung phuong trinh Beenuli viet cho mat cat 1 - 1 va c - 
c, lay mat chuan qua trong tam 16 (Hinh 6 - 5). 
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Hitih 6-5. Ddng chdy ngdp 


Taco: H 0 —H 2 =(a c + £) — 

2g 

Van t6c tai mat cat co hep c - c bang: 

V, = (6-6) 

V«, +C 
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(p - He s6 van toe 

Liru luong dong chay qua 16: 


Q = C 0 c v c = scov L = E(f)0)^2g( H 0 -H 2 ) = jucd^ 2g(H^H^~) (6 - 7) 

- He so luu luong (xac djnh nhu trudng hop dong chay tu do) 

* Luu y: Doi vdi dong chay ng^p cot ap toan phSn tac dung l£n 16 bang hieu 
s6 c6t ap d thupng luu va ha luu vi v&y khong edn ph&n biet 16 to hay 16 nho. 

m. TINH TOAN THUY LUC DONG CHAY QUA L6 NHO THANH 
MONG KHI COT AP THAY D6l 

Trong truong hop cot ap tac dung len 16 thay doi viec tinh toan thuy luc 
phire tap hon vi dong chay ra khoi 16 khong on dinh. 

Xet mpt thung chira chat long co mat cat khong d6i qua 16 (hoac voi) co 
mat cdt cx.), nu6c chay vao khi quyen (hinh 6 - 6). Van dd c£n giai quyet la khi 
biet trude cot ap H h mat cat thung Q, phai xac djnh thdi gian t d£ thao nude 
mot phan hay ca thung neu cho trude mat cat 16 co hoac ngupc lai cho trude thdi 
gian /, phai xac dinh co. Chang han ctin phai xac dinh thdi gian t dd thao nude tir 
H t xudng W,. Neu muc nude thay doi tut H thi trong khoang thdi gian v6 cung 
nho dt, nude trong binh se ha xuong mot khoang each la dH. C6t nude H dd 
tinh luu luong xem nhu khong doi. 

Uhg dung cong thde tinh luu luong chay qua 16 khi c6t ap kh6ng ddi: 

Q = o 

Vi phan the tfch nude chay ra khoi thung dw sau thdi gian dt se bang: 
dw = jU(d-j2gH .dt 


Mat khac: dw = - OdH 

Do do ta co: - CldH - /.m-JYgHdi 


Rut ra: 


dt 


-CldH 

juco-sJlgH 


Tfch phan phuong trinh tren tur H, ddn H 2 ta dupe: 
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Hinh 6 - 6 


'h -QdH 


2Q(V^7 - 4 h ^> 

MG)yj2g 


( 6 - 8 ) 


Neu thao het nude ra khoi thung H 2 ~0 thi ta co: 

2QJ^7 20//. 2w 

/=- 7 =^ =- T =^= = — ( 6 - 9 ) 

/uco^2g /jo)^j2gH , Q] 

Trong <3 6:w = QH,- Th6 tfch nude co ban diu trong thung. 

Q = fiCO-^J'lgH , - Luu luemg nude chay ra khoi thung cf cdt ap ban diu H, 
Nhu vSy, thefi gian thao het nude trong thung khi cdt nude giam din bang 2 lin 
thdi gian de thao het nhung Iirong nude &'y nhung cdt ap khdng ddi va bing H 


IV. TINH TOAN THUY LUC DONG CHAY QUA VOI 
1. Phan loai va cong dung cua voi 

Voi la nhung 6'ng ngln gin vao trong thanh mong. Chiiu dai cua dng I >3-+ 
4 lin dudng kfnh d. 
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Dong chay qua voi noi chung cung bi co hep sau mat cAt vao mot ft 
(khoang 0,5d), nhung qua khoi mat cAt co hep, dong chay mb rang ra va bam 
vao thanh voi. Quanh mat cAt co hep co hien tuqng chan khong. 

Sau day gibi thieu mot so loai voi thirbng gap va cbng dung co ban cua 
chung (hinh 6 -7). 

- Voi tru tron (gAn trong hoac ngoai - Hinh 6 -7 a,b). Loai nay thirbng dung 
de thao chat long trong be chtfa. 

- Voi hinh non cut mb rbng (Hinh 6 - 7 c). Loai voi nay vAn co hidn tuong 
co hep va chAn khong. Do chan khbng ty 16 vbi do Ion ciia goc mb rong (3, 
nhung neu Ibn qua thi dong chay bi tach ra khoi thanh va khong khf ben ngoai se 
lot vao pha hoai chan khdng lam cho dong chay gib'ng dong chay qua 16 (thirc 
nghidm cho thAy = 5° + 7° la tot nhAt). Loai voi nay thao dirqc luu Immg Ibn, 
van tbc chay ra nho nen no duqc img dung b nhung trirbng hop cAn co do chan 
khbng Ibn (may bom phun tia) va cAn co vAn tbc nho (may tubi phun mua). 



Hinh 6-7. M6t so loai vdi thu&ng gap 


- Voi hinh non cut thu hep (Hinh 6 - 7d). Dong nang cua dong chay ra khoi 
voi kha Ibn nen no thirbng duqc sir dung trong cac thiet bi chua chay, trong tua 
bin xung kfch, sung thuy lire dao dat, rira quang... Goc thu hep tbt nhAt P = 13 0 


24 1 
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-Voi hru tuyg'n (Hinh 6 - 7e). Hinh dang cua voi giong nhu hinh dang bo 
duong dong trong vung lan can 16, kh6ng gay hien tuong co hep, rat ft can tret 
dong chay. Vi vay, h6 so iuu luong cua voi luu tuyd'n lorn hon tat ca cac voi khac. 

2. Tinh toan thuy lire voi tru tron gan ngoai, chay on djnh 
khong ngap 

Tuong tu nhu dong chay qua 16, ta dung c6ng thuc sau day d£ tfnh van td'c 
va luu luong chay qua voi: 

v = ; (p = 

XC - La tong so cac h6 so can trong voi g6m co he s6 can do thu hep dot 
ngot chay vao voi va he s6' can do mo rdng dot ngot ch6 mat cat co hep. Vi 
chieu dai voi nho nen bo qua ton tha't doc ducrng. 

Q = CapfigH ~ = juo)^2gH ~ 

Cac he so khang X C he s 6 co hep s, h6 so van t6c q> va he s6' luu luong ju 
cho 6 bang 6 - 1 (Tmh cho mat cat ra cua voi). 

Bang 6 -1 




Loai vdi 

u 

e 

<P 


Voi tru tron gSn ngoai 

0,50 

1,00 

0,82 

0,82 

Voi tru tron gin trong 

1,00 

1,00 

0,77 

0,71 

Voi non cut mo rong a = 5° 7° 

4 +3 

1,00 

0,45 +0,50 

0,45+0,50 

Voi non cut thu hep a = 13°24 y 

0,09 

0,98 

0,95 

0,94 

Voi luu tuyen 


1,00 

0,98 

0,98 


Xac dinh do chan khong trong voi. 

Viet phuong trinh Becnuli cho mat cat c - c ya b - b (Hinh 6 -8). 
Ta lay a,. = a h = 1 


y 2g y 2g 2 g 

2 2 

n \ i ri * 
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Vi co r = eca 

Theo nguydn ly lien tuc cua dong chay: a> t v, = a> h v h 



Hinh 6- 8. Set do ttnh vdi tru trdn gan ngoai chdy on dinh khdng ngdp 


Thay v c vao (6 - 10) ta cd: 


K, = 


Pa - P, V 


< „ . ~ V* , 1 




mk V h - 


2 £ 2 # 

thay vao phuang trinh trdn ta dtroc: 


K = <p 2 h 0 --1-C 


( 6 - 11 ) 


Thay cac gia trj cp, £ > P< e ttr bang 6-1, dd'i vdi voi trn tron gin ngoai ta 
tmh dime: 

h (k = 0,764 H 0 


Qua do ta nhan thay ring, do chan khong trong va ngoai voi co mot gia trj 
gidi han nha't dinh. Uhg vdi mdt nhidt d6 nha't djnh cua chat long, ap suat tai 
viing chan khdng trong voi nho holt ap sua't bay hoti bao ho^ thi se xuat hidn 
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hien tuong xAm thuc trong voi lam anh huong kha nang chay va d6 ben v4t lieu 
chd' tao voi. 




V. VI Dl) - BAI TAP 
Vi du 6-1 

Nu6c til binh ho chay qua 16 tron thanh mong. Xac dinh luu luong Q va van t6c 
v neu c6t ap tren trong tAm 16 H = 2,5 m, mat cat 16 a> = 8 cm 2 . 

Luu luong mroc se thay d6i bao nhidu ndu noi vao 16 mot ong hinh tru ben 
ngoai dai 6 cm va sau do thay voi dai 14 cm. 

Gidi: 

Xac dinh vAn t6c v c theo c6ng thuc (6 - 4), khi: 

Pi = Pi = P„ vdh = H 



Theo bang (6-2), xac djnh duoc hd s6 cp = 0,97 , tinh vAn t6c v, 6 mat cat co hep: 
v c - 0,97^/2.9,81.2.5 = 6,79m/s 

Xac dinh luu luong theo cong thirc (6-3), lay fi = 0,62 va H 0 = H = 2,5 m, 
ta co: 

Q = pio)^2gH 0 = 0,62.0,0008.^/2 9,81.2.5 = 0,00348 m 3 /s = 3,48 / / 5 
VAn t6c dong chay ra khoi 16: 


Q _ 0,00348 
~ to ~ 0,0008 ” 


4,35m/s 


Bay gib ta xem luu luong se thay d8i nhu thd' nao khi ta n6i voi vao. 
Xac dinh ducmg kinh 16 hay vbi: 



Trong trubng hop thu nha't, chidu dai 6'ng 6 cm , nho hon 4d = 4.3,2 = 12,8 
cm. Do la dong chay qua 16 thAnh mong, co hd s6 luu luong 14 pi = 0,62. Do do 
tri so' luu luong khong doi. 
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Trong trucrng hap thu - hai, chidu dai 6ng 14 cm , lorn hon 4d = 4.3,2 = 12,8 
cm. Nhu v$y la chay qua voi tru iron ben ngoai, co he s6 luu luqng la (j. = 0,82 
va luu luqng cung nhu van tdc se tang 0,82 : 0,62 = 1,32 l£n va bang: 

Q' = 1,32 Q= 1,32.3,48 = 4,59 I/s 
v* = 1,32 v = 1,32.4,35 = 5,73 m/s 


Vi du 6-2 

Trong bd chua co ba ngan co 2 16 tron thanh mong co, = 2 cm 2 va co 2 = 3 
cm 2 , dd nude chay qua cac ngan. Phfa ngoai dat khoa nude = 3 cm 2 

Xac dinh luu luqng Q va muc nude trong cac ngan, neu muc nude trdn 
ngan thd nhA't la khdng ddi va nude chay vao khf quyen, c6t ap H = 3 m. 

Gidi: 

Trudng hop ta xet d day la chay 6n dinh, c6t ap khdng ddi va theo nguydn 
ly lien tuc cua dong chay, luu luqng cua tat ca cac 16 la bang nhau. 

Tur phuong trinh (6-3), ta tfnh duqc c6t ap cua moi 16: 


\ = 


Q 




h 2 = 


Q 


n\co\7g 




(A^g 


Tdng c6t ap cua tat ca cac 16: 

H - h, + h 2 + h; 

Hay la: 

H = 2- 


2 g 


? 


M&} 


j 


Ta lay cac he so luu luqng cua 16 1 va 16 2 bang 0,62 va 16 thd 3 bang 0,82. 
Thay cac tri sd vao phuong trinh tren va tfnh luu luqng: 

72 . 9 , 81.300 


Q = 


1 


7300 cm 3 Is = 7 , 3 /Is 


0 , 62 2 . 2 2 0 , 62 ^. 3 " 0 , 82^3 


2 -,2 


4. 


2 -.2 


Xac dinh tri so cot ap tren mdi 16: 


7300 ' 


1 


19,62 0 , 62 \ 2 2 


= 175 cm 
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7300 2 1 

19,62'0,62 2 .3 


= 79 cm 


7300 2 1 

.- 1 —- = 46 cm 

19,62 0,82 2 .3 2 

Ki6m tra lai k6't qua da tinh dugc: 

h ; + h 2 + h, = H = 175 + 79 + 46 = 300 cm 

Vf du 6-3 

Co m6t be chda hmh tru, dudng kfnh D = 2 m, cao H = 4 m. C) day co 16 
thao nude, dudng kfnh d = 20 mm. 

Xac dinh then gian d6 thao nude ducfc mdt lofp day 2 m. 

Giai: 

Xac dinh thori gian r de thao nude theo c6ng thirc (6-8) 


2Q(jH, - JhT) 


Hiojlg 


Ta tmh dien tich /2cua b6 chura: 


^ nD 2 3,14.2 2 2 

Q - -=-— - 3,14m 

4 4 


Didn tich co cua 16: 


co = = 3,14cm 2 - 0,000314m 2 

4 4 

Lay h6 so luu lirgng p - 0,82. 

Thay vao cong thurc ttnh thbi gian thao nude a tr£n ta co: 


23,14(44-JT) 


= 1625s = 25 ph 5giay 


0,82.3,14.10 yj29,81 

Bai tap 6-1 

Trong be chura co 16 thanh b£n, dudng kfnh cl = 25 mm. Nude chay vao b6 
vdi luu lugng Q = 4 m 3 /h. 

Xac dinh muc nude H trong b6 cao bao nhieu thi 6n dinh. 

Dap s6': H = 689 mm 
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Baitap6-2 

Co mdt b6 chua nude, d do s£u H = 0,5 m, co 16 thao d = 75 mm. Ap su£t 
dir trong b6 chura p 0 = 0,2 at. 

Xic dinh liru luong nude tang l6n bao nhieu, nd'u ndi vao mot voi tru tron. 

Dap sd: A Q = 22,35 m'lh 

Bai tap 6-3 

Tir mot b£ chda hinh tru, dudng kfnh D = 1,5 m. Cot ap ban dau H, = 0,9m , 
nude chay qua voi hinh tru dudng ki'nh d = 50 mm , dai / = 200 mm , dat each 
day be chura h = 200 mm. 

Xac dinh thdi gian sau khi md voi d6 muc nude H 2 - 0. Thdi gian la bao 
nhidu neu dat voi d day be chura cung d£ chay ra luong nude nhu tr6n. 

Dap so : t, = 470 s; t 2 = 250 s 
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Chifcfng 7 

DONG CHAY Dl±U TRONG KfiNH HO 

I. KHAI MFA1 - PHAN LOAI 

Kenh la ddng chay nhdn tqo co nhiiu hinh dang khdc nhau. Thong thtfcmg 
thi ntfctc trong kenh co mat thodng tiep xuc vcti khi quyen (dp sud't du tren mat 
thodng hang 0). 

Dong chay deu kh6ng ap trong kdnh trudc het phai dam bao didu kien cua 
dong chay ddu noi chung: Luu lupng, hinh dang va didrrtfch mat cat udt, bieu 
d6 phln bo trdn mat cat udt, dd doc day, dd nham long kdnh khdng ddi doc 
theo dong chay va theo thdi gian. Nhung vi dong chay ddu khong ap co mat 
thoang ndn phai thdm mot didu kidn nOa la dd slu h cua dong chay khong ddi 
va do do vide tinh toan thuy lire cho dong chay deu khdng ap phu'c tap them. 

Kdnh dupe ung dung nhidu trong cac nganh kinh td' qud'c dan khac nhau. 
Trong nong nghidp kdnh dung trong cac he thd'ng thuy nong dd tudi, tidu nuorc 
cho cay trdng; kdnh din thoat nude trong nha may thuy didn; trong giao thdng 
van tai kdnh dung dd’ cho tau thuydn di lai; kdnh clp thoat nude trong edng 
nghidp, sinh hoat... 

Tuy theo nhidm vu, kich thude cua kdnh va dac tmh cua dlt, vat lidu xay 
dung kdnh ma mat clt cua kdnh co nhidu hinh dang khac nhau: hinh Parabol, 
tarn giac, chu nhlt, hinh thang... (hinh 7-1). 

VIn td'c cho phep ciia kdnh phai dam bao cac yeu clu sau: 

1- VIn toe chay trong kdnh khdng dupe gly ra Id xoi sudn kdnh va long 
kdnh, nghla la khong dupe vupt qua vln td'c gidi han Id xoi. Tri s6' cua no phu 
thude vao tmh chat cua dl't hoac vlt lidu lam kdnh. 

2- Van td'c trong kdnh khdng dupe gly ra bdi ling long kdnh hlng phu sa, 
nghTa la khdng dupe nho hern vln toe gidi han bdi ling, phu thude vao so lupng 
va do ldn ciia phu sa va ca dang cua mat clt kdnh. 
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Van t6'c trong kenh cung khPng cho phep van toe lam lang dong co dai 
hoac rong reu trong kdnh. 

Trj so van t6c gioti han cho phep thiicmg dupe tfnh toan s5n trong cac sci tay 
tinh toan v6 thuy luc. 





Hinh 7-1 

II. NHONG CONG THUC CO BAN TRONG TINH TOAN THUY LUC 
\£ KENH HINH THANG - MAT CAT L0INHAT \£ MAT THUY LUC 

1. Nhumg cong thurc co ban trong tfnh toan thuy life ve kenh 
hinh thang 

Ddng chuy trong kenh la dong chdy deu khdng dp nen cac d6 doc hinh hoc, 
do doc do dp, do doc thuy luc hang nhau: 

i = I = J 

va ph&n 1cm la truong hop chay ro'i nfen ta ung dung diroc cong thurc S6di de 
tfnh van I6'c trung binh v: 

v = CJ~RJ 


va tinh ltru lupng Q: 


Q = 0)CJrJ = kJj 


(7-1) 


hay: 


i = J = 


Q 


C 2 R a) 2 C 2 R K 2 

C) kenh hinh thang (hinh 7-2) dien tich co cua mat c5t kenh dupe tinh 
nhu sau: 

b + B 


co =- h~ bh + mhi 1 = h(b + mh) 


(7-2) 
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Trong do: b- chidu rong day kdnh; 

B- chifeu rong mat k£nh; 
h - dd s&u ngap nude cua kdnh; 
m = a/h = cotgtp- he s6' mai suefn kenh 
Chu vi uert cua kenh: 

X = b + 2h4\+~n? (7-3) 


Ban kinh thuy lure cua kenh : 


X 


h{b + mh ) 
b + 2 h^j 1 ■+■ ~tn 


(7-4) 


Neu dat b/h =fi\h\ (7-2), (7-3), (7-4) 
co dang sau: 

co = (/? + m)h 2 (7-5) 



X = (/? + 2-y/l + m 2 ]h 

(7-6) 

p _ (/? + 
j3 + 2sl\ + m 2 

(7-7) 


9 GTTL-A 
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2. Mat clt Icfi nhat ve mat thuy lire cua kenh hinh thang 

Mat cat led nhat ve mat thuy luc cua kenh hinh thang la mat cat vcfi m6t 
dien tich cho trude, cung do doe day va dd nham long kdnh cho ltm luong I cm 
nhat. Hay noi each khac la mat cat co ban kinh thuy luc 1cm nhat va chu vi udt 
nho nhat. Khi thid't k£ co gang lam sao d£ mat cat kdnh gin dung vdi mat cat 
led nhat v6 thuy luc. 

Tit (7-2) ta xac dinh duoc chi£u rong day kdnh b: 

R= — — mh 
h 

Thay vao (7-3) ta co: 

y — — - mh + 2h4\ + m 1 
A h 


dy 

Khi co = const ta co % — f(h), de % = min khi-= 0 

dh 


Va ta xac dinh duoc /? cho mat cat co loi nhat ve mat thuy luc, ky hidu la /3 hl : 

— 2^Jl + n? — mj (7-8) 


Trong bang (7-1) ghi gia tri fi,„ phu thude vao hd so mai m: 

Bang 7-1 


m 

0 

1,0 

1,5 

2,0 

2,75 

3,0 

Pin 

2,00 

0,828 

0,606 

0,472 

0,385 

0,325 


Ban kfnh thuy luc cua mat cat loi nhat: 

= o L= hHA+m)_ h 
■ + 2V1 + m 1 J 2 

Ta thay ban kinh thuy lire cua mat cat loi nha't bang mdt nua do sau ngap 
nude. Nhung kdnh hep qua thuemg khdng tien cho vide xay dung cung nhu 
trong sit dung. Vi the, khi thiet ke kenh phai di nguqc lai tit mat cat loi nhat v6 
thuy luc va tinh dd'n chieu rong lorn hon cua kdnh. 
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9.GTTL-B 




m. MOT SO BAI TOAN CO BAN THUCJNG GAP TRONG TINH 
TOAN THUY LUC VE KENH HINH THANG 

Tir cong thuc (7-1) trong nhGng dieu kidn cu th$, tinh toan thuy lire ve kdnh 
co the chia ra hai loai bai toan co ban sau: 

1. Doi vdi kenh da biet 

Nhiem vu la phai xac dinh mdt trong 6 dai luong da neu tren khi da bid't 5 
dai lirong: 

a) Cho i, b, h,m, n - xac dinh Q 

Tinh a>, R theo (7-2), (7-4) va C thay vao (7-1) tim Q. 

b) Cho Q, b, h, m, n - xac dinh / 

Tinh co, R, C nhir tren rdi thay vao (7-1) de tim /: 

Q 1 

0) 2 C 2 R 2 

2. Thiet ke kenh mdi 

Trong trudng hop nay th6ng thucmg da bid't tli lieu vd dia hinh, ve vat lieu 
lam kdnh va liru lirong cln din di trong kdnh. Tir ban do dja hinh ta tidn hanh 
chon tuyd'n kdnh va dd doc day i sao cho phii hop nhlt vdi nhOng yeu clu vd 
thuy luc va kinh td\ Can cu: vao vat lidu llm kdnh ta xac dinh he sd' mai m va he 
sd' nham n cua long kdnh. Nhidm vu la phai xac dinh kich thude mat cat kdnh 
dd din diroc mot liru luong cho trude. 

Bai toan nay theo (7-1) ta co mot phuong trinh hai an sd, vi vdy mud'n giai 
diroc ta phai chon trucrc mdt nghidm, tire la chon trude mot kich thude kdnh 
hoac tim thdm mot md'i quan hd giufa b va h bang mbt phuong trinh nua. Ta co 
the’ gap 3 bai toan co ban sau day: 

a) Cho trade b, xac dinh h 

Luc nay phuong trinh (7-1) chi con 1 an h, nhung true tiep rut h tir (7-1) la 
mOt viec rl't phuc tap ndn ta ap dung phuong phap thu dan dd giai bai toan nay. 
Mot mat, ta tu chon tri sd h roi tfnh ra co, C, R, K tuong ung. Mat khac 

ta co K — . 

Vay tri s6' h phai tim la tri so co K tuong ting vdi no blng tri sd K a . 
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De tinh toan nhanh chong hem ta co the giai bai toan bang phucmg phap 
do thi. 

Tu cho vai tri sd h roi tmh K d£ ve ra duemg cong K = f(h ) (hinh 7-3). 

Tir trj sd K 0 da bidt ta xac dinh tren duemg cong diem co tri so h a phai tlm. 
Bai toan nay lu6n lu6n co nghiem vdi'bat cur trj so K 0 nao. 




Trucmg hop chon truoc h, xac dinh b tir (7-1) K la m6t ham so cua b: K =J{b). 

' Ta tien hanh giai bai toan hoan toan tuong tu nhu trucmg hop tim h 0 tren. 
Nhung chu y rang duemg cong K = f{b) tren toa d6 ( K,h ) khdng di qua goc toa 
do ma cat true OK tai A (hinh 7-4). Doan OA tuomg umg tri sd K' cua kenh co 
mat cat hinh tarn giac .(b - 0). Vay bai toan chi co loti giai veti cac tri sd K a >K\ 

n b 

b) Tu chon trude p = — - xac dinh b, h 

h 

Ndu thay b = (} h va m = a/h thi (7-1) se co mdt phucmg trinh 1 an la b 
hoac h. Bai toan trd ve trudng hop trfin. Co the chon ft theo /?,„ va khi do 
phuong trinh thu hai la (7-8). 

c) Cho truac R hoac v - xac dinh b, h 

- Gia sir cho bidt R 

Tir (7-1) ta co: co - 

Mat khac: % = b + 2hy[\ + m' 


Q 

c4rj 
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Vay ta co he phircmg trinh vori hai an s6' b va h sau: 


( b + mh)h = co 

b + 2/ja/1 + rn = — 

L R 

Giai hd phuctng trinh trdn ta se tim dirge b va h. 

- Gia sir cho bid't v: 

Tu c6ng thuc Sedi v — C\l RJ ta vid't dirge: 

CjR=-R^ oi = 

n 4J 


(7-10) 


Biet 


V7 


va n ddng thdi xac dinh dugc _v ta tim dirge R. 


Tri s6' y co thd la'y theo cong thufc cua Manning hoac Pavcrlopxki de tmh R 
(xem phu luc). 

Sau khi cd R, bai toan trd vd trudng hgp tren va giai hd phircmg trinh (7-10). 

Ta bidt r3ng trong mat cat co lgi nha't vd thuy luc tri s6' R ln va v,„ Ion nha't va 
co,,, nho nha't. Nhir vay bai toan chi co ldi giai ne'u nhu tri sd' cho trude R va v 
nho hem R hl va v,„ cua mat cat co lgi nha't vd thuy luc. 


IV. VI DU - BAI TAP 


Vi du 7 -1 

Xac dinh van tdc trung binh va luu lugng cua kenh hinh thang bang da't. 
Chidu rdng day kdnh b = 2,0 m; chidu sau ngap nude h =1,3 m; hd s6 mai m = 
1,5 m; hd sd nham n = 0,025; do d6'c i = 0,001. 

Van td'c va luu lugng se thay d6i thd' nao nd'u mat cat kenh c6 dang mat cat 
thuy luc lgi nha't. 

Giai: 


Xac dinh mat cat udt cua kdnh: 

(0= (h + mh)h ~ (2,0 + 1,5.1,3).l,3 = 5,13 m 2 
Tmh chu vi udt theo edng thuc (7-3), va xac dinh ban kmh thuy luc: 
co 5,13 


R = - = 


* b + 2h4 T+m 2 2 + 21,3sp~+JJ 2 


= 0,766 m 
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He so Sezi C xac djnh theo phu luc 2, ta co C = 37,5 m 
Thay nhutig so tfnh dupe vao c6ng thuc tfnh v$n t6c ta co: 


v = 37,5.40766lWl = 1,04 mis 
Va luu lupng Q: 

Q = 0 ).v = 5,13.1,04 = 5,23 m 2 /s 

Bay gift giai quyd't nhidm vu thur 2 cua bai to£n. Mat cat thuy luc lpi nha't co 
ty so b/h : 

— = 2^1 + n? - m) 

h 

Thay s6 vao ta co: 

- = 2{JT+JJ 2 -1,5)= 0,61 


Thay b = 0,61 .h vao cong thurc tfnh co, ta co: 
co = (0,61.h + 1,5.h) = 2,11 h 2 


vay 


h - 


co 


5J3 

2.11 


= 1,56 m 


V 2,11 

Va chidu r6ng day kdnh b: 

B - 0,61.h = 0,61.1,56 = 0,95 m 
Tfnh ban kfnh thuy luc: 

co 5,13 


R = 


b + 2hy[T+m F 0,95 + 2.1,56-JlTiJ 


-0,78 m 


Can cii vao phu luc 2, urng vbi hd s6' nham n = 0,025 va ban kfnh thuy luc, 
R = 0,78 m, xac dinh dupe hd s6 C = 37,8. 

BSy gib co the tfnh dupe van td'c: 

v = 37,8.^0,78.0,001 = 1,06 m/s 
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So sanh van toe chay umg vdi mat cat thuy lire lpi nhit vdri van td'c ban diu 
ta tha'y tang ductc 2%. Do do Iiru hrcmg cung tang thdm dupe 2%. 

Bdi tap 7-1 

Xac dinh chidu rong va do dd'c day kdnh co mat clt chfi nhit lat bd t6ng (n 
= 0,017) de co luu luong Q = 36 m 3 /s; khi dd sau ngip nude h = 1,5 mvk van 
tdc trung binh v = 4,0 mis. 

Dap sd: b = 6,0 m; i = 0,00462 

Bdi tap 7-2 

Xac dinh luu luong nude chay trong kenh hinh thang lat gach, co chidu 
rdng diy kdnh b = 1,2 m; dd sau ngip nude h = 0,7 m; he sd mai m - 1; dd 
ddc day kenh i = 0,001. 

Xac dinh luu luong nude chay qua kdnh, neu mat cat kdnh co dang nira 
Iron, co cung didn tich mat cat, dd nham va dd ddc day kenh nhu nhau. 

Dap so: Q, = 1,395 m 3 /s; Q 2 - 1,395 m 3 /s 

Bdi tap 7-3 

Xac dinh do sau ngap nude h cua kdnh hinh thang co mat cat lpi nhi't ve 
mat thuy luc, ndu chieu rdng day kdnh b = 0,6 m; he s 6 mai m = 2; hd sd nham 
n = 0,035; dd do'c day kenh i = 0,005. 

Xac dinh luu luong nude chay qua kenh. 

Dap sd: h = 1,275 m; Q = 5,421 m 3 /s 

Bdi tap 7-4 

Mdt kdnh hinh thang co mat cat thuy luc loi nha't, dd sau ngap nude h = 
1,64 m. Kdnh lam bang da't, hd sd mai m = 1,5; dd ddc ddy kdnh i = 0,004; hd 
sd nham n = 0,025. Kdnh din nude tit song vao gieng cua mdt tram bom. 

Luu luong cua kdnh se tang ldn bao nhidu, nd'u kdnh dupe lat bd tdng (n = 
0,017) cac kfch thude khac cua kenh khdng thay ddi. 

Dap sd: Tdng ten 6,0 mbs 

Bdi tap 7-5 

Xac dinh dd sau ngap nude cua mdt dng din bang bd tdng, mat cit trdn co 
dudng kfnh d ~ 1,2 m; dd ddc diy kdnh i = 0,008; luu luong cua kdnh Q = 
2,25 mbs. 

Dap sd: h = 0,84 m 
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Chtfdng 8 


D Ap trAn 


L KHAINIEM CHUNG - PHAN LOAI 
1. Khai niem 

Nhung cdng trinh nhan tao ng&n can dong chay va lam cho dong chay phai 
tran qua goi la dap trim 

Dap tr^n dupe ung dung r6ng rai trong cac nganh thuy lpi, thuy di6n, n6ng 


nghiep, c6ng trinh c6ng nghiep... 



Hinh 8-1 

Cac b6 phan cd ban cua dap tran(Hinh 8-1): 

+ Chi£u r6ng dap tran (b) la chi£u dai doan nude tran; 

+ Chi^u cao cua dap so vdi day k6nh hoac s6ng thupng luu (P t ); 

+ Chigu cao cua dap so vdi day ha luu (P); 

+ Chi4u day cua dinh dap (6); 

+ C6t nude tran (H) la chi£u cao mat nude thupng luu so vdi dinh dap, 
chidu cao nay phai do tai mat cat each xa dinh dap mdt khoang bang (3 -s- 5)H 
ve phfa thupng luu, noi mat nude chua bi ha tha'p trude khi tran qua dap; 

+ Chieu sau ha luu (h n ); 
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+ Dp ngap ha luu (h n ); 

K = h„-P 

2. Phan loai 

Dap tran dupe phan lam nhiPu loai tuy theo anh huong cua hinh dang va 
kfch thuoc cua nguong tran dPi v6i dong chay qua dap tran. 

a) Theo hinh clang mat cat dap: 

- Dap tran thanh mong (Hinh 8-2). 

Co be day dinh tran nho, kh6ng anh huong gi d6n dong chay qua dap. 
ThuPng quy dinh 5 < 0,67 H. Nude tran ngay sau khi qua mep thupng luu cua 
dinh dap thi tach khoi dinh dap, khdng cham vao toin b6 mat dap. 

Loai dap tran thanh mong thuPng dupe dung trong phong thi nghiem d£ do 
luu lupng dong chay. 

a) b) c) 



Hinh 8 - 2 

- Dap tr^n mat cat thuc dung: Co bi day dinh tran kha Idfn, anh huefng dd'n 
dong chay qua dap. ThuPng quy dinh dap tran cP bi day Strong giori han 0,67H 
<5 <3 //ladap tran mat cat thuc dung. 

Co 2 loai dap tran thuc dung: Dap tran thuc dung hinh cong (Hinh 8 - 3b) 
va dap tran thuc dung hinh da giac (Hinh 8 - 3a ) 

Dap tran thuc dung la loai pho bi6n nhift trong thuc tP xay dung cac cPng 
trinh thuy Ipi, thuy diPn, cung ca'p nude.... N6 co thP dupe lam bang moi vat 
lieu nhu g6, da, be tdng... Tfnh' chat cua dap tran 6n dinh hon v6 mat chju luc. 


a) b) 



Hinh 8 - 3 Hinh 8 - 4 
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3. D^p tran dinh rong: Chi6u dai ngudng tran 8 kha ldn, anh hucmg den 
dong chay qua no. Dong chay qua ngudng tr&n la dong bien doi cham (cac 
dufrng dong hiu nhu song song voi nhau). Thubng quy dinh khi: 3H <8 < 10H 
dap tran thudc loai dap tran dinh rdng (Hinh 8 - 4). 

b) Theo hinh dang cda tran: 

- Dap tran cua chuf nhat; 

- Dap tran cura hinh thang; 

- Dap tran cura hinh tam giac... (Hinh 8 - 2). 

c- Theo hinh dang tuyen dap tran tren mat bang: 

- Dap thing; 

- Dip cong... 

d) Theo hucmg cua dap so voi hucmg dong chay 

- Dap dat thing goc vdi dong chay; 

- Dap dat xi6n; 

- Dap b6n, dat b m6t ben bo song song vdi dong chmh. 

e) Anh hucmg cua muc nude ha luu doi voi khd nang thao nude cua dap: 

- Chay kh6ng ng(lp (hinh 8-5b). Khi muc nude ha luu con tha'p hem dinh 
dap hoac cao hem dinh dap, nhung chua anh hucmg de'n hinh dang lan nude tran 
va kha nang thao nude cua dap. 

- Chay ngap (Hinh 8-5a). Khi muc nude ha luu cao hem dinh dap d£h mure 
anh hudng de'n hinh dang lan nude tran va nang luc thao nude cua dap. 



Hinh 8-5. Anh hudng cua muc nude sau dap tran 
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Trong tnfdng hop dap tran chay ng4p, he sd liru lurcrng dap tran bi giam so 
vdfi trucmg hop dap tran chay tir do. Muc dd giam he sd lull lupng dope danh 
gia bang he sd ngap 

<7„(<J n < l)nghia la: 

m„ = a„ m 

Trong do: m„ - Hd sd luu lopng cua dap tran chay ngap 

m - Hd sd luu lopng cua dip tran ting vciti ltic chay to do. 
g) Anh huang cua sue co hep ben 

Su co hep ben xay ra khi chidu rdng tran b nho hon chidu rong dong chay 
noi xay dap (Hinh 8 - 6a) hoac la khi dap tran co chidu d&i tran kha 1cm ngudi 
ta phai xay nhidu tru dap dd chia ra nhidu khoang tran. 


a) 



Hinh 8-6. Anh hudng cua sitco hep hai ben 


Nhtrng tru dap can trd dong chay, thu hep dien tran (Hinh 8 -6b) cho ndn hd 
sd luu lupng cung bi giam, no dupe xac dinh nho sau: 

m t . = em 

Trong do: 

m K . - Hd sd luu lupng cua dap tran bi co hep ben 

ra - Hd sd luu lupng cua dap tran ting voi luc khdng co hep vil chay tu do 

II. CONG THUC TONG QUAT TINH LUC LUTING CUA DAP TRAN 

Muc dtch chu ydu tfnh toan thuy luc dap tran la nham xac dinh dupe luu 
lupng Q thoat qua dap, xac dinh chidu rong h hoac la tmh cdt dp H trdn dinh 
dap tran. 
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C6ng thufc tfnh t6ng quat cho moi loai dap tran c6 th6 rut ra til c6ng thuc 
tmh toan cho 16 16n, vcti quan di6m xem rang su chay qua dap tran tuang tu nhir 
chay qua 16 ldn, ma canh tr6n cua 16 khong c6, ta co: 

(XV 3 

H ol =Ovk H Q2 =H +—± = H 0 

2tf 

Trong do: 

H 0 - Cot ap toan phan cua dap tran 

H - C6t ap tr6n dinh dap tran (kh6ng k6 d6 cao van t6'c tiS'n g4n 
v n - Van t6c tid'n gan dap 

Thay cac gia tri trdn vao c6ng thirc tmh ltru lucrng 16 to ta duac: 

m- 213fj. - H6 s6 luru luang cua dap tr&n. m la h£ s6 thuc nghidm phu thuoc 
vao loai dap, di6u kidn chay (ngap hay kh6ng ng$p, co hep hay kh6ng co hep) 
c6 th6 tham khao bang 8 -1 


2tf 


Bang 8 -1 


Loai hinh ddp tran 

m 

* 

Dap tran dinh r6ng 

0,35 

Dap tran co mat cat thuc dung kh6ng tran tru (Hinh thang, hinh chu 

0,45 

nhat) 


Dap trkn thknh mong 

0,42 

Dap tran co mat cat thuc dung hinh cong kh6ng tran tru: 


- Tri s6 th6ng thuhng 

0,45 

- Trj so lan nha't 

0,49 
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m. CAC CONG THtre TINH LUU LIjONG CUA DAP TRAN TD&U CHI) AN 

D&p tran thanh mong chay tu do, khdhg co co hep ben duoc goi la dap tieu 
chujJn. 



Hinh 8-7. Cac tri so tog do tinh theo col nude H cua dap Iran tieu chudn 


Tir c6ng thurc tong quat ta bien doi dd c6 c6ng thirc phu hop vdrj cac didu 
kien cu the. 


1. Anh hudng cua van toe den gin 

+ Theo Badanh anh huemg do co th4 xet ddn blrng vide dung hd s6' luu 
ltrong m„ thay cho m: 


2 \ 3'2 

m 0 = m\ 1 + —— 


2gH 


ndn c6ng thuc tmh luu luong se tro thanh: 

3/2 


Q = m^bJlgH 


( 8 - 1 ) 


( 8 - 2 ) 


Tri so m () duoc xac dinh bang thirc nghidm. 
Theo Badanh co the tmh m c theo: 


Wn = 


0,405 + 


0,003 

H 


1 + 0,55 


H 


\2 


H + P 


(8-3) 
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C6ng thuc tren dung trong pham vi: 
0,2 m < b < 2 m 
0,24 m < P, < 1,13 m 
0,05 m < H < l ,24 m 
Theo Tsugaep: 

m Q =0,402 +0,054 — 

P\ 


(8-4) 


Pham vi chfnh xac: Pi > 0,5 H va H > 0,1 m 

Trong cac pham vi da neu, c6ng tlrirc (8-2) co dd chfnh xac den 1%, do do 
dap tran thanh mong ti6u chuan duorc dung lam mdt cdng cu do luu lucfng. 

+ Cung co th£ diing c6t nude toan pbin H 0 thay cho H trong (8-1) d! xet 
dfe'n anh hudng cua van td’c d6n gan: 


H 0 =H + 


2 g 


(8-5) 


Ta se co c6ng thurc tfnh liru luong theo H c nhu sau: 

Q = mbjliHl n 

2. Anh hiring co hep hai ben 

Doi vdi dap tran thanh mong, khi co co hep hai ben, ta thay d6i h6 s<5 m 0 
bang m c . Tri sd m c co the la'y theo thuc nghidm cua Badanh: 


0 ’ 003 A A1 B ^ 

m r = 0,405 + ——-0,03 


H 


B 


1+0,55 - . 
£ 


/ \ 2 

H ' 


V // + P w 


( 8 - 6 ) 


Co thd quan niem: m, - £ m 0 , trong do £ - he s6' co hep hai b£n 
Do do c6ng thurc tfnh luu luong trong trudng hop nay bang: 

Q = m c bj2gH in , 


3. Anh hL/dng cua tmh ngap 

Dap tran thanh mong se la chay ngap nd'u thoa man 2 di6u kidn sau: 

1. Muc nude ha luu cao hon dinh dap: 

h,, > P hoac h h = h„ - P > 0 (8-7) 

2. Dong tran nd'i tie'p vdi ha luu bang nude nhay ngap hoac khdng co nude 
nhay, dong chay d ngay ha luu dap la 6m. 
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Hinh 8 - 8. Muc nude ha luu cao hem dinh dap 

Ndu di6u kien thut 2 khong thoa man thi du muc nude d ha luu cao hon dinh 
dap, muc nude d ngay sau d$p vin tha'p hon dinh dip. Luc do muc nude d ha 
luu vSn khong anh hudng den luu lucmg tr&n, n6n vln chay khdng ng^p. 



Hinh 8 - 9. Muc nude ha luu thd'p hon dinh dap 


V " 

Dieu kien co nude chay ng&p se dupe thoa man khi ti sd — nho hon mdt tri 

P 


sd phan gidi: 


(-) 

^ p Ks- 
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Tuc la 


P \P 


< — 


( 8 - 8 ) 


Trong do: z - do chenh muc nude thircfiig - ha liru z — H - h„ 


Tri s6 phan gicfi: — nay phu thu6c vko ti s6' 


, .. H 


D£ tim tri s6'phan gidri: 


da co bang hoac d6 thj rieng. 


Co th£ lay m6t each gan dung: 


- = 0,7 -J-0,75 

^' p-g- 

Vky khi chay ngap, c6ng thuc tinh luu lucmg se la: 

Q = o- n m 0 bj2gH il2 (8-9) 

He so ngtlp <7 n dude xac dinh blng thuc nghidm, co th£ lay theo Badanh: 

a =l,05f 1+0,2 (8-10) 


<^= 1 , 05 ^ 1 + 0 , 2 -^- ( 8 - 10 ) 

Nd'u vira la chay ngap vita co co hep hai ben thi: 

Q=a„m c b^H 312 ( 8 ") 

Ngoai dap tran thanh mong ctra chu nhkt, dap tran thanh mong cira tam 
giac va hinh thang thuong diTdc dung 1km c6ng cu do luu 1 uamg trong phong thi 
nghiSm va tren cac kenh, mkng nho nhd dd chinh xac cua cac c6ng thuc tinh 
liru lucmg trong dieu kidn chay tu do. 

+ Doi v6i dap tran cira tam giac ta co cong thuc tinh luu lucmg: 

Q = ^g^^2gH vl 

Trong do: 6 - goc b dinh cua tam giac (TG). 


Thay m 0 tg — - m TG , ta dirpe: 


Q = m r G ^ L g H 


( 8 - 12 ) 
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Dat m T(; -Jig = M tg , ta c6: 

Q = M tg H v 2 (8-13) 

Vcri dap dugc lam co 6 = 90 ( \ theo thuc nghidm cua Tomon, tri so m TG luc 
do bang: 

m Tc, = 0,316 

Thay vao (8-12) ta dirge: 

Q = 1,4 H v ~ (m/s) (H tmh bang m); 

Q = 4,427 H m (1/s) (H tfnh bang m). 

D6 chinh xac cua cac c6ng thde nay tori 1% trong pham vi tif 0,05 m < H < 
0,25 m. Gap H Icrn hern th'i phai dung dap cua hinh thang. 

+ D6i vdi dap tran cua hinh thang, luu lugng qua dap Idn hon luu lugng qua 
dap chu nhat du6i cung chieu r6ng b va cot nucrc H do cua dap dugc mcr rong 
mot goc 0. 

C6ng thurc tinh luu lugng qua dap cura hinh thang van co dang nhu cua 
chu nhat: 

Q = m lh bj2gH vi (8-14) 

Trong do: m, h — hfe so luu lugng cua dap cura hinh thang, phu thubc vao 

goc 0. 

Thuerng lam dap co tgq tgO = — , goi la dap Xipo leti va co: 

4 

m tl , = 0,42 

n£n Q = 0,42by[2gH 211 (8-15) 

hay la: Q = \,86bH 312 (m 3 /s) (8-16) 

Cong thtic dung trong di<§u ki£n b > 3H; PI > 0; chay tu do, van t6'c di 
tori khdng lorn lam. 

IV. DAP TRAN CO MAT CAT THUC DUNG 

1. Dae diem chung cua d?p tran co mat cdt thu>c dung 

Ve hmh dang mat cat: 

+ Mat cit da giac. Thuong la hmh thang, co dinh n&m ngang hoac hoc, 
chi6u day dinh or trong pham vi 0,67H < 8 < (2 — 3)H vdri cac mai ddc thugng 


10.GTTU-A 
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ha kru khac nhau. Cac dap nay cau tao don gian, d6 xay dung bang cac loai vat 
lieu thdng thudng, nhung co nhupc did'm la co hd sd luu lupng nho vdi cac loai 
hinh mat cat hinh cong. 





Hinh 8-10. Dap Iran mat cat da gidc 

+ Mat cat hinh cong. Co dinh dap va mai ha liru hinh cong, luon theo lan 
nude tran nen dong chay tran dupe thuan, he so luu lupng 1dm, nhung xay dung 
phuc tap hon. Dap tran hinh cong thudng co hai loai. 

- Ndu lam cho mat dap sat vao mat dudi cua lan nude tran, khong con 
khoang trdng ni?a thi se khdng cd chan khdng, goi la dap hinh cong khdng co 
chan. 

- Nd'u giua mat dap vdi mat dudi cua lan nude tran co khoang trdng thi 
khdng khi d do bi lan nude cuon di, sinh ra chan khdng, goi la dap hinh cong 
co chan khdng. 



Hinh 8-11. Dap tran mat cong 
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10.GTTL-B 


Loai dap nay co nlurgc diem la lan nude tran khong on djnh, de lay dong, 
lam dap bi rung dong va de sinh ra xam thuc tren mat dap. Tuy nhien dap nay 
co uu diem la chan khong tren dinh dap lai co tac dung hut, lam tang liru 
lugng nen co kha nang rut ngan chieu rong dap, do do gan day co cac loai vat 
lieu mdi va ky thuat xay dung lien tien nen vice dung dap co chan khong lai 
co lai hon. 

2. Cong thipc tinh luu lu>p , ng 

■J 

Ta van dung cong thirc tong quat: 

Q = mb.^2gH 3 2 

Tuy thco truemg hop cu the ma phai xet den cac anil hirong sau: 

+ Cot nude van toe den gan bang each thay H qua II U ; 

+ Co hep ben bang each thay b qua chieu rong thuc cua lan nude tran tren 
moi nhjp b c : 

b c = t b 

He so e xac dinh bang thuc nghiem. 

I’heo quy phant, he so co hep ben e co the tinh theo cong thuc sau; 

n b 


Trong do; n - so khoang dap; 

b - chieu rong moi nhjp; 

£ mh - he so hinh dang cua mo ben, lay theo hinh vc sau: 



H'irth 8-12. He so hinh dang cua mo ben 
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H'mh 8-13. He so h'mh dang cua mo true 
+ Dieu kien nhay ngap 

Cung nhu dot vori dap tran thanh mong, dieu kien nhay ngap la: 

* Mire nude ha luu cao hem dinh dap: 

h h > P hoac h n = h h - P > 0 (8-17) 

* Dong chay ngay sau dap la em, ngap dinh dap, noi tiep vdi ha luu bang 

nude nhay ngap hoac khong co nude nhay. 

. . z 

Dieu kien thu hai dugc thoa man khi ti so — nho hon ti so phan gidi 


( 8 - 18 ) 

php thuoc vao ti s6 ~ va h§ sd luu luong m da tinh san 

cho d bang sau: 

H_ 

Bang 8-1. Xac dinh he so luu lucmg m theo p 
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He so ngap a n lay theo thuc nghiem, cho a bang sau: 

f ' 

Bang 8-2. He so ngap cua dap co mat cat thuc dung 


Dap khong co chan khong (1) Dap co chan khong (2) 


0,85 (0,91 - 0.68) 
0,79 (0,89 - 0,63) 
0,70 (0,86 + 0,54) 
0,59 (0.63 -0,44) 
0,41 (0,53 -0,28) 


0,538 


0,390 


0,000 


Voti 0,15 < —— < 0 , tuy thuc chit chua phai la chay ngap, nhung luc do 

Ho 

muc nucfc ha luu I6n den gin dinh dap, ep khu chan kh6ng lam giam tac dung 
hut cua chan kh6ng n6n h£ s6' luu luong m giam di chut it. 













Vay kill dap c6 nhidu khoang va du ca 3 yeu td' anh hudng da noi tren, ta co 
co cdng thurc tinh luu lupng nhu sau: 

Q = <7 t1 E.m'Zb.j2gH 3 - 

3. Cau tao mat cat cua cac loai dap mat cat thirc dung 

3.1. Dap hinh cong khong co chan khong 

Nguyen tkc thiet kd mat cat dap khong co chan khdng la lam cho mat dap 
an khdp vdri mat cat dudi cua lan nude chay qua dap thanh mong tieu chutin ufng 
vdi mot cdt nude H cho trude, goi la cot nude thiet kd mat cat, kf hieu la H lk . 



Hinh 8-14. Thiet kc mat cat dap khong co chan khong 

Toa do mat dap dupe ve theo cac tri so trong bang toa dd cua Crigio- 
Ophireop dug vdi cot nude thiet ke mat cat theo bang (phu luc 5) (H lk = 1). 

Khi dap cao, dudng cong nay khong du thoa man dieu kidn 6n dinh cua dap 
th> tiep theo dudng nay la mdt doan thang co doc doc theo ydu c£u dn dinh cua 
dap. Phan chan dap, chd ndi tiep vdi san dap lupn theo mdt cung tron dc dong 
chay xuo'ng chan dap dupe fhuan. Ban kinh R cua cung tron nay lay theo bang 
(phu luc 6); khi dap thap hem 10m (P < 10m) thl co thd la'y R = 0,5P. 

Hd sd luu lupng cu thd cua mdt dap do ca'u tao mat dap tuong ung co the 
xac dinh bang cdng thurc: 
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Trong do: 

m tc - he so luu luong xac dinh cho dap tieu chudn; 

<r hd - he so sua chCTa do thay doi hinh dang theo cdu tao khac vori dflp tieu 
chuan, chang han, do tang doan a, thay doi goc a va goc p,... 

cr H - hd s6' sira chtra do cdt nude H khac vdi cdt nude thidt k£ mat cat H, k . 

Cac he sd sira chua hinh dang, cdt nude cd thd la'y theo cac bang tinh sSn 
(phu luc 7). 

3.2. Dap hinh cong co chan khong 

Mat cat dap phai thoa man cac didu kidn sau day: 

+ Co hd sd luu lugng ldn nhat, khi chay vdi cot nude thid't k£; 

+ Chi co chan khong a phdn dinh dap, khdng co d phan dudi cua mat tran; 

+ Dam bao khdng cd khdng khi lot vao dudi lan nude; 

h 

+ Dd chan khdng <J ci = —— khdng qua ldn; 

H 0 

+ Khdng cd ap luc mach dong qua ldn. 

Hai loai dap cd chan khdng dau tron va eh'p da duoc nghien cuu, cd ca'u tao 
nhu hinh ve ben: 



Hinh 8-15. Dap hinh cong co chan khong 
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Theo bang thi - cang Ion thi m cang lorn, nhimg —— ldn qua thi do 

r' r' 

chan kh6ng trdn dinh cung se 1cm va dinh dap qua nho kh6ng dam bao yeu ciu 

jq 

6n dinh va vung chac. Noi chung nan lam vdi —- Ion qua 3,0 den 3,6. 

r' 

3.3. Dap tran da giac 

Dap tran da giac co nhieu dang mat cat nhu la hinh chu nhat, hinh thang, 
da giac bat ki, co the co mot phan la duong cong. 

Loai dap nay ca'u tao dcm gian, dd lam nhung hd s6' luu lvrcfng nho (m = 
0,35 4- 0,45). Dap nay thucfng difcfc suf dung nhidu vao cac cdng trinh thuy loi 
loai nho bang vat lidu tai ch6 nhu da, gach, g6... 

Ducti day la hd s6' luu luong cua m6t vai loai dap dcm gian: 

+ Dap mat cit chu nhat, theo Badanh: 


( IT 

m = 0,42 0,70 + 0,185 — 

l 5 


(8-19) 


Dap tran mat cat hinh thang la'y theo bang phu luc 8. 










Hirth 8-16. 


4. Cdc bai toan ve dap co mat cat thtfc dung 

Thuc te thubng phai giai quyd't cac bai toan sau day ve dip tran: 

+ Biet chi^u rdng dap b, cao trinh dinh dap, muc nude thuerng ha luu (tufc 
bid't H va h h ) tfnh luu lucmg Q. 

+ Biet chidu rdng dap b, luu lucmg Q, muc nude thupng ha luu, xac dinh 
cao trinh dinh dap (tfnh H) hoac ngupc lai bid't cao trinh dinh dap, xac dinh 
muc nude dang d thuong luu. 

+ Bid't luu lucmg Q, cao trinh dinh dap, muc nude thuong ha luu, tfnh chieu 
rdng dap b. 

Cac bai toan trdn deu xua't phdt tir mdt edng thutc tdng quat: 

Q = <T„e.mT.b.j2gH 3 ' 1 

Cac ha s6' o ri> e, m nhidu khi lai phu thude cac yd'u td chua bid't, ndn mdt sd' 
bai toan phai giai bang each tinh gin dung (tinh thir dan). 

V. DAP TRAN DiNH RONG 

Khi chidu day cua dinh dap S trong khoang: (2 + 3)H < 5 < (8 -rlO)H thi goi 
la dap tran dinh rdng. Dap tran dinh rdng co nhidu dac did’m khde hai loai dap 
da xet d tren, vd hinh dang lan nude tran, vd tidu chuan ngap va do do ca vd 
phuong dien tinh toan. 
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Dinh nghla chung: Dap tran dinh rdng la mot nguong chan ngang dong 
chay de dong chay tran trdn nguong. 

Nhung nd'u co 2 tubng ben hoac m6' a 2 ban lam thu hep dong chay, lam 
cho mire nude d phfa thuong liru phai dang l£n, tao ndn mdt dd chenh muc 
nude, thf du khdng co ngudng cao hem day kenh, ve quan dilm thuy luc ta cung 
coi day la hibn tucmg chay qua dap tran dinh rdng (dap co -P = P, = 0), luc do 
dd sau d thuong luu khe hep cung chinh la cot nude H trdn dinh dap. Hien 
tuong nay gap rat nhifiu: md cau nho, edng tren kenh hoac cd'ng d dau kbnh khi 
eda cd’ng keo len khoi mat nude... 
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1. Cach xac dinh chieu sau h va he so lull I trong m 

Dap tran dinh r6ng da dupe nghidn cun nhi£u va tir rat l&u, bang ly lu4n va 
bftng thuc nghiem. Tuy nhien dd'n nay vi6c xac dinh tri s6'm v4n chua c6 y kien 
th6ng nhat. 

Dildfi day la mdt so phuefng phap ccr ban: 

+ Phuong phap Belanggioc 

Xet quan he giua Itru luerng va cac th6ng so co ban trong c6ng thurc tmh d6'i 
vdfi dap tran dinh r6ng: 

Q = fib.h^2g(H 0 -h) ( 8 - 20 ) 

Trong do : p - he s6' liru ltrqng; 

h - chilu sau tren dinh dap tran. 

Ta tha'y: 

Vcri m6t tri so H 0 cho truoc thi Q se bien doi theo h nhu o hinh ve. Khi h —> 
0 thi Q -» 0. Khi h —> H^thi Q -> 0 duerng bieu di6n Q ~ h co m6t gia tri Q ldn 
nha't: Q max . 
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Nam 1828, Bdlanggio da dira ra tien dd: dong chay se tir didu chinh m6t do 
sau trdn dinh dap the nao cho liru luong thao qua d&p la 1cm nha't. 

Tit (8-20) lay dao ham Q theo h, coi <p la hang s 6: 


ah 


d(hjH 0 -h) 


dh 


<P 


■b42g 




] h 


Cho dao ham bang 0 va giai ra, ta duoc: 
h = — H n 


( 8 - 21 ) 


Thf nghiem chiing to thucmg xuyen gap h = — H 0 . Didu do chung to 

tmh chmh xac, hop ly cua tidn de Bdlanggio. 

Thay h vao (8-20) 


Q = <p.b.-H 2g 
3 V 


Ho— 3 »o 


= <Pj^bH 0 p^H n 


hoac: Q - m.b-JJgH i 


3/2 

0 


( 8 - 22 ) 


Trong do: 




0,385(p * 0,35 


(8-23) 


Co the xem day la each giai g£n dung. 

De giai thfch chmh xac, ta dung nguyen H cua Bakhmdchep. 

+ Phucmg phap Bakhmdchdp: 

Nam 1912, Bakhmdchep cho rang dong chay trdn dinh dap phai co d6 sau 
the nao cho nang luong don vi cua mat cat 3 dat ddn tri s<5 nho nha't. Day la 
nguydn If ti nang nho nha't. Nguydn If nay xua't phat tir quy luat cua co hoc noi 
chung: bat cur hd co hoc nao trong trong trirong cung c6 xu the chiem vi tri ma 

t 

du trur nang ltrqng la bd nha't. 

Nhu vay theo Bakhmdchdp, d6 sau trdn dinh dap la: 

h = h k (8-24) 
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Ti nang mat cit i tren ngirang dap: 


, av 2 aQ 2 

3 = /* +- = h + ~z —r 

2g 2gb h 


La'y dao ham: 


d3 . aQ 1 1 
dh gb ! h' 


Tur d6 nit ra: 


h = ? 



Dat: q = — ta co: 
’ b' 


h = 3 



(8-25) 


Cong thiic (8-25) cung chinh la cong thiic tmh chidu siu phSu gicii. V4y (8-24) 
da dupe chung minh. 

Vi , t aQ 1 atfhjvl 

--gb’- gb’ ~ gb’ 

„ „ v , av 2 , 

Cu6i cung: h k — - 

g 

Vi£t phuemg trinh Beenuli cho 2 mat cat tai trade d4p va tr6n dinh dap, ta 
dupe: 

v * = - k ) 


= 2cp\H 0 -\) 


nen h k = 2<p(H 0 -h k ) 


Ki hieu: k = —— hoac h k = kH 0 
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(8-26) 


kH 0 = 2 <p 2 (H 0 - kH 0 ) 

2(p 2 


k = 


1 + 2(p' 


nen chieu sau tren dinh dap bang chieu sau phan gidi: 

h k = ——— jH 0 
k l + 2<p 2 0 

Nd'u 4-0; cp = 1,0 thi 

b — ^ u — — H 

"k ~ , » 2 ~ , 

l+2(p 3 


(8-27) 


va each giai cua Bdlanggio cung trung voi each giai cua Bakhmechep. 

Vi <p < 1,0 nen k theo (8-26) nho hon 2/3, do do: 

“Chidu siu theo Bakhmechep tren nguong lu6n b6 hern 2/3H 0 , con theo 
Bdlanggio thi bang 2/3H 0 ”. 

+ He so' luu luong m cua dap tran dinh rong: 

Luu lurong co thd xac dinh theo c6ng thde: 

Q = ojv = bh k (pj2g(H^\) 


hoac: 

Q = <pJb.k.H 0 j2g{H 0 -kH 0 ) = (p.kJT^-k .b.-JJg .Hq /2 (8-28) 

Thay vao cong thtic tinh luu lupng tong quat cua dap tran, ta co: 

m = (p.k.^J 1 - k (8-29) 


N6u cp = 1,0 thi m = 0,385. Day la he s6'm Ion nhat. Th6ng thucfng m = 
0,32 -r 0,35. 

2. anh hirong cua si/co hep ben doi vdi he so luu luttng 

anh hudng cua sir co hep bdn den hd so luu luong cua dap tran dinh rong 
duqc D.I.Cumin xac dinh bang thuc nghiem doi vori cac trqcmg hop dap co cac 
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hinh thuc va mufc dd co hep khac nhau theo chieu thing dung va tren mat bang. 
Ket qua dupe lap thanh bang sau day: 


Tmh chat thu hep a cura vao 

M 

1. Cura vao rat khdng thuAn, mufc do thu hep rat ldn, dau cong. 

0.30 4- 0,31 

dap nhd ra mai de thupng luu. 


2. Cua vao khdng thuan, ngudng dap vudng canh, md' ben 

0,32 -r 0,33 

vudng goc, khdng co tudng canh. 


3. Cura vao tuerng dd'i thuan, ngudng tron hoac bat goc, co 

0,34 + 0,36 

tuemg canh thing thu hep dan hoac tudng canh hinh chop. 


4. Cira vao rat thuan. 

0,37 4- 0,38 


3. Anh hircfng cua trnh ngap 

Khi xem xet didn bid'n cua dong chay tren dinh dap ta gap hien tupng luc 
muc nude ha luu cao hem dinh dap mdt mure nao do thi hinh thanh nude nhay 
song tren dinh dap, ndu muc nude cang len cao thi nude nhay cang lui din ve 
phia thupng luu, nhung churng nao nude nhay chira lam ngip mat cat co hep (c - c), 
tren dinh dap vSn chua anh hudng ddn luu lupng hoac muc nude thupng luu, va 
dap vin con la chay khdng ngap. Chi khi muc nude ha luu len dPn mure lam 
ngap mat cit co hep (nude nhay ngap), dong chay a trdn dap hoan toan d trang 
thai chay em (h > h k ) thi luc do mdi la chay ngap. 

Khi bit diu chay ngap, n£'u dd sau ha luu tang ldn se lam luu lupng giam di 
(vdi muc nude thupng luu khdng doi) hoac se lam muc nude thupng luu tang 
Idn (vdi luu lupng chay v& khdng d<5i). 

Neu goi do ngap h n luc bat diu tuf chay khdng ngap sang chay ngap la 
(h n ) pg thi theo Picalop, trang thai phan gidi xay ra luc dd ngap ha luu h n bang 
dp sau lien hidp vdi h c trong nude nhay song: 

h” lay theo cong thuc: 
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(8-30 ) 


2(p 




4. Cong thtfc tmh Iltu lifting khi chay ngap 

Khi chay nhap cong thurc luulirpng se la: 

Q = <p« b K4 2 g( H o~K) 


(8-31) 


Trong do tmh gan dung da bo qua chiPu cao phuc hoi z 2 va lay h n = h. 
con tp n la he sP liru lupng cho trircmg hcrp chay ngpp dupe lay theo bang sau: 
Bang 8.4. Quan he giita m va cp, cp,,, k h k 2 


m 

0,30 

0,31 

0,32 

0,33 

0,34 

0,35 

0,36 

0,37 

0,38 

0,385 

<P 

0,943 

0,950 

0,956 

0,963 

0,970 

0,976 

0,983 

0,990 

0,996 

1 

ki 

0,42 

0,435 

0,452 

0,471 

0,492 

0,515 

0,540 

0,566 

0,608 

2/3 

k 2 

0,566 

0,855 

0,842 

0,830 

0,806 

0,800 

0,779 

0,754 

0,717 

2/3 

Pn 

0,77 

0,81 

0,84 

0,87 

0,90 

0,93 

0,96 

0,98 

0,99 

1 


VI. VI Dll - BAI TAP 
VI du 8-1. 

Tmh liru lupng qua dap trim thanh mong c£ra chu nhat co b = B = 0,5m, P = 
P, = 0,35m, H = 0,4m, do sau ha liru h h - 0,45m. 

Giai: 

Q = e.a n .m JayjJgH 3 / 2 


b = B kh6ng co hep b6n e = 1 

, Z (H + P)-h. (0,35+ 0,4)-0,45 

Ch£ do chay : — = 1 - L - h - = ^--— 

p p 0,35 


0,857 



= 0,75 : Che' dp chay khong ngpp cr n = 1. 
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m 0 tmh theo cong thuc Tsugaep: 


m = 0,402 + 0,054 — 

Pi 

= 0,402 + 0,054— = 0,46 
0,35 

0 = 0,46 x 0,5.4,43.0,4 i/2 
~ 0,26 m 3 Is 


Vi du 8-2 

Tmh liru ltfong qua d4p tran mat cat thirc dung mat cong kh6ng co chan 
khong kicu Corigio-6phox6r6'p loai I voi P = P, = 3,8m, Zb = 90m chia lam 9 
nhip bang cac mo d<iu iron. Biet H = H, k = 2,4m, h h = 5m. 

Giai: 

Q = <y„.smZb^H‘ /! 

Xel ch£ d6 chay: 

n n n 't 


"z" 


(h ) 


chay nhap <J n = f 


p _ 


v H o; 


h 12 

= — = 0,5 cr = 0,972 
2,4 

Xet sir co hep dau m6' tru tron £ m1r = 0,45 xem B = Zb ; <^ mb .= 0 

n b 

= 0,981 

9 10 

Bo qua v n : H » H c 


11 GTTL-A 
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Q = 0,972x 0,981x0,504 x 90(2,4) 3 ' 2 x 4,43 - 712,4- m*ls 

VI du 8-3 


M6t dap tran thuc dung hmh cong co chan khong dinh elip [ £ 

u 


2.r’ = 



cot nude thidt k6 la H tk = 3m. Muc nude ha luu tha'p hem dinh dap. Dap co 4 
nhip b = 10m, d£u mo tron. Dap cao 10m, dong sdng thuqng luu co chieu rong 
B = 60m. Tfnh luu luong chay qua dap. 

Giai: 

h n = h„ - P, < 0 : dong chay tu do qua dap. 

Xac dinh h6 so co hep e 

£ = 1-0,2 — + (”~ 1L 

n b 


£ mb = 1 ; E, = 0,45 ; n = 4 ; 

1 + 3x0,45 3 


b = 10 


s = l-0,2 


10 


= 0,954 


a 


\ 




— = 2 ■ 
b 


r'= 1,5 


a 


Tra bang 8-3: m — fm = 0,546 

Q„ = B(H + P)= 60x13 = 780m 2 

CD = Y-bH = 40x3 = 120m 2 
Q,i > 4co bo qua cdt nude van toe d£n gSn: 
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Q = s.mY.b-JJgH*'- 

= 0,954.0,546.40.4,43. 

= 453,6 rriVs 

Vi du 8-4 

Tfnh luu lirong qua dap trail dinh r6ng co h = B = 3m, dau ngirdng vuong 
canh cao P = P, = 0,8m, H = 2,03, h h = 1,8m, bo qua van toe den gan. 

Giai: 

Liru lupng qua dap tran dinh rang tlnh iheo cong thufc co ban: 

Q = mb-JYgll *' 2 

2 

bo qua ^ H 0 = H 

Xet che do chay h n = h h - P = 1,8 - 0,8 = 1m 


Gan dung lay: 


= 0,8 

- = 0,493 
H 2,03 


K 

_ H o 

K_ 





chay khong ngap qua dap. 


Ciia vao vu6ng canh theo Cumin (tra bang 8-3) com = 0,33. 

Hoac tfnh Q thco m tfnh loan vdi cp = 0,963 ; k, = 0,471 ; k 2 = 0,830 bang 
cong thuc: 

m = (pk^J 1 — k Thay k, = 0,471 ; k, = 0,83 


m, = 0,963.0,471-JI^O,471 = 0,33 

la co: _ 

m 2 = 0,963.0,83^1-0,83 = 0,33 

Vay: 

Q = m.b-JIgH 3 ' 2 = 0,33 x 3.4,33.2,03 J ' : 

= 12,68 m'/s 
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Vi du 8-5 

Dap tran co P = P, = 8m dupe chia thanh 7 nhip. Mb bbn va mb' tru lupng 
tron, liru lupng thiet ke Q lk = 300m 3 /s, cbt nude thid't kdf H tk = 2,0m, muc nude 
ha luu h h ^ 5m, sdng phia thupng luu co B = 80m. Xac dinh b khi dap la hinh 
cong loai II. 

Giai: 

Vi h n < 0 nbn dong chay chay tu do’qua dap. Dap tran mat clt thuc dung 

t 

mat cong loai I co m tc = 0,48. 


Q 


300 




(O (2 + 8)x80 


= 0,3 75m/ s 


av 2 lx0,375 2 


o _ 


2g 9,81x2 


= 0,007 « 0 xem H=H 


Q = <r n .£.m.n.b^[JgH 3/2 . La'y <j n = 1. 


eb = 


Q 

n.m^flgH 322 


300 

7.0,38.4,432 3/2 


Mat khac hb so co hep e tmh tu edng thde: 
£ 


n b 

£.b = b-0,2 — + ~ ,// 


n 


b — €.b H- 0,2 




.H 


n 


= 7,12 + <L 2 & 7 + 6 - ° J ?) j = 7,3m 
7 


Bai tdp 8-1 

Tmh luu lupng qua dap tran thanh mong hinh chu nhat co P = 0,5m, P,= 
0,4m, B = 0,5m, b = 0,4m, h h = 0,7m, H = 0,4m. 

Dap sd : Q = 0,143m'ls 
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Bai tap 8-2 

D^ do liru lucmg trong phong thi nghiem ngircri ta dung mdt dap thanh 
mong cura chir nhat c6 chieu rang b = 60m. Dap khdng co co hep. Xac dinh 
chidu cao H tnrdc dap khi P = P, = 0,4m, h h = 3,0cm, Q = 45 1/s. 

Dap s6': H = 0,118m 

Bdi tdp 8-3 

Cho m6t dap tran co P = P[ = 0,5m, b = 0,6m, ydu c£u xac dinh c6t nude 
H truorc dap khi Q = 0,04m 3 /s vdi B = 0,6m, h h = 0,5m. 

Dap sd: H = 0,11 m 

Bdi tap 8-4 

Xac dinh chieu rdng cua mdt dap tran hinh cong loai II c6 H = 2m, B = 
16m, dap c6 hai khoang. M6i khoang co tru nira hinh tron, m<5 b£n la cung tron, 
P, = P 2 = 4m, H = 2m, h h = 1,5m, Q = 15m 3 /s. 

Dap s6': £ b = 7,94m 
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Chtfcfng 9 

CHAY QUA CLfA c6nG 

I. CAC.KHAI NIEM CHUNG 

Cbng la tbn chung chi cbng trinh dieu khi6n muc nude hoac liru lucmg. 

Lb thao nude cua cong thubng dong mb bang tlm chan hoac canh cua 
cong. Dong chay qua 16 efra chiu tac dung cua cot nude H hoac db chenh muc 
thuong, ha luu l. 

Dieu khien muc nude khi luu luong c6 dinh hoac dieu khi6n luu luong khi 
muc nude c6' dinh dbu bang dong mb efra van. 

Neu cao trinh muc nude ha luu (VMNHL) thap hem dinh cbng, tarn cua 
ciing keo 16n tren muc nude thi dong chay qua cbng hoan toan la khbng ap, 
cbng lam viec nhu mot dap trail dinh rbng (Hinh 9- 1). 

Khi cao trinh muc nude ha luu (VMNTL) ngap hoan toan lb cbng thi dong 
chay co ban la dong chay qua lb hoac voi (Hinh 9-2). 





Hinh 9-1 Hinh 9-2 


Muc nude ha luu thap hem dinh cong Muc nude ha luu cao hem dinh cong 

Trong thuc tb dong chay ra khoi cua cbng se di ra kenh din, noi tibp vdi 
dong ha luu theo nhung hinh thufc nb'i tibp khac nhau va cac hinh thurc do lai 
anh hubng den kha nang thao nude cua cbng. 
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Vi v4y, trong chirong nay phai dung cac ket qua nghidn cufu v6 dong chay 
qua 16 va voi va n6'i ti£p thuong ha liru d£ nghien ciiu. 

Ta xet hai trucmg hop: 

+ C6'ng kh6ng co trdn hoac vom, sau cua cong la long d&n ho. Do la dong 
chay dirori tam chan cua c6'ng ho (Hinh 9-3). 



Hinh 9-3. Dong chay ditch tam chan cUa c6ng ho 


+ Than c6ng hinh 6'ng tuong d6'i dai (mat cat khep km co trdn hoac vom), 
dong chay trong than cong co th6 la day 6ng hoac khdng day ong. Do la chay 
qua c6ng ngdm (Hinh 9-4). 








II. CHAY DlTtfl TAM CHAN CUA CONG h6 

1. Cac hinh thufc noi tiep qua cura cong 

Theo hinh 9-3 cot nut tic toan ph3n d thuong loti la: 



av[ 

2g 


Dong chay ra khoi cura cd'ng each cua mdt khoang bang a thi co hep nha't 
vdi do sau la h t . Tai mat cdt co hep do trang thai chay ra la chay xiet: h, < h k . 

Neu dong chay ha kni h h < h k thi noi tiep sau c6'ng khong qua nude nhay. 
Nhung thudng gap dong chay em d ha luu h,, < h k ndn dong chay sau cd'ng se 
noi tiep vdi ha luu qua nude nhay. 

Cung dung h,' de so sanh vdi h h ta se co 3 dang noi tidp: nude nhay xa vdi 
dudng nude dang c Q hoac c,\ nude nhay tai mat cat co hep; nude nhay ngap. 

Trong cac dang ndi tiep vdi nude nhay xa, nhay tai chd va khdng co nude 
nhay thi mat cat co hep khong bi ngap, chidu sau ha luu khong anh hudng den 
kha nang thao cua cua cd'ng nen goi la chay khdng ngap (Hinh 9-5). 



Trong dang noi tiep vdi nude nhay ngap dong chay ha luu anh hudng den 
kha nang thao qua cd'ng nen goi la chay ngap (Hinh 9-6). 
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Hinh 9- 6. Chay ngap 

2. Cong thufc tinh toan dong chay dirdi tarn chan cura cong 
2.1. Chay khong ngap 

Viet phucfng trinh Becnuli cho hai mat cat- 0-0 va C-C ta dupe: 

Tr av\ , avl _ „ avf 

H + -^ = h,+^ + 'ZC'-f~ 

2g 2 S lg 

Tir do tmh dupe van tP'c tai mat cat co hep v ( 

1 rz ztz -r— • 


« + IC, 


2g(H 0 -h c ) 


v=(pJ2g(H 0 -h) 


(9-1) 


Liru lupng qua cP'ng: 


Q ~ co c v c = qxo e 


(9-2) 


Trong do cp la h6 s6 van toe, dupe xac dinh bang thuc nghifim chu y£u phu 
thupc vao hinh dang va muc dp thu hep dong chay, dp nham a cira vao. 
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Dd'i vdi cong co day d ngang day kdnh, dlu cd'ng co tucmg canh liron tron 
hoac xidn, cp = 0,95 + 1,00. 

Cd'ng co day cao hem day kenh, ctra vao khdng thuan, (p = 0,85 + 0,95. Dd 
siu co hep h c diroc vid't la: 

h c = £a (9-3) 

s- Hd so co hep thing dung. 

Theo kd't qua cua Jucdpxki, £ chi phu thude vao ty sd a/H. 

Thay (9-3) vao (9-2) ta dirge: 

Q = (peab^J^gijf 0 - Ha) (9-4) 

Goi fj.- £<p lit hd sd' luu lerong thi: 

Q = pabyj~2g{Jf 0 -ea) (9-5) 


Trong cac c6ng there trdn v 0 lai phu thude vao liru ltrcmg Q. 

' v> 

a, 

O, la didn tfch mat cat kdnh thirgng lnu. 

aQ 2 


H 0 = H + 

o s-s s~\ 2 


2ga; 


Thay vao (9-5) ta dirge: 


Q = 


lico^2g(H -h^) 

i ^ 
1-au —- 

Q 2 


(9-6) 


Theo edng there nly ta thay khi 
nghia 11 H a = H. Vdi < 0,2 ma coi H a 

Q 

2.2. Chay ngap 

Trong chay ngap thi tai chd mat cat co hep co khu chay cudn (Hinh 8-5), 
do sdu khdng phai la h ma bang h. (h t . <h. <h h ). Dong chrnh b dudi khu nude 
cudn vln co dd sau bang h t . = £a. 


nho thi mlu sd cd thd cho bang 1, 
= H thi sai sd' cung chi dirdi 1%. 
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Cung viet phuefng trinh Becnuli cho hai mat cki 0-0 va C-C va cho ring 
ap suat tai khu nude cuon tren mat cat co hep cung phSn b6' theo quy lu&t thuy 
tinh, sau khi sap xd'p lai ta dupe v&n toe tai mat cat co hep la: 


Vc=<p4 2 2( h o-K) 


Q = <pco c .^2g(H n -hJ 


(9-7) 

(9-8) 


a 


S,(p\a jj. trong didu kidn — <0,75 vin nhu trudng hpp chay khdng ngap. 

H 

Cdng thuc tinh Q cho trudng hpp chay ngip vd kdt c&'u gid'ng nhu cho chay 
khdng ng&p (9-6) chi thay h r = h : . 

Trong trudng hpp bai loan phing h z -cung dupe tinh tit cdng thufc nude nhay 
ng$p: 


K=M- 


2 a 0 q 2 (K-K) 


S 


KK 


Cdng thuc nay cho ta tinh h. khi da bidt q, a. 
Co hai dang bai toan : 

+ Cho hiet H a , a. Xdc dinh q: 

- Giai : Cho a 0 - 1 va sap xep lai ta dupe: 

hl=hi-4» ! a’(H»-h t ) h >- h ' 


KK 


dat M = 4/u^a 


2 K~K 


KK 


Phuefng trinh trdn trcr thanh: 
hi -Mh. +(MH n -h 2 h )=0 
Giai phuefng trinh Me 2 nay doi vdi h z ta dupe: 

M 


K=M~m 


H o-~r 

v 4 


+ Cho hiet q, H a . Xdc dinh a, h ( : 

- Giai: thay v ( . theo (9-7) vao (9-11) ta dupe: 


(9-9) 


(9-10) 


(9-11) 
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( 9 - 12 ) 

(9-13) 


Khi <36 chdnh thuong ha luu it va tain chan cua cong mo cao, tire la — > 

0,75 thi <36 sau sau cua c6ng coi nhu bang <36 sau ha luu. 

Khi di6n tfch 16 c6ng nho so v6i k6nh ha luu, ngap sau trong kenh thi nude 
nhay sau c6'ng hoan toan bi ngdp, luc <36 ta cung co h z = h h 
Trong 2 trudng hop <36 ta tfnh c6'ng nhu m6t 16 chay ngdp: 

Q = Ma)yj2gz 0 - jU0J^2g(H o - h h ) (9-14) 


// = 0,65 ^0,75 

2.3. Tam ch£n hinh cung va tarn chdn phang dat nghieng 

Cac hien tuong vat ly cua trudng hop nay deu nhu cua ta'm chan phang, chi 
khac la do cua vao luon tron va nghiftng, dong chay ft bj co hep va ft tdn that 
n£n cac tri s6 g>, pi vb £ d6u co thay doi ft nhi6u. Tuy nhien ede k£t qua nghiSn 
cuu v6 mat nay chua nhiOu. 

Ta co th£ tham khao cac so lieu sau day: 

+ Tain chan hinh cung (Hinh 9-7): 

- Chay khong ngap: pi = 0,58 

- Chay ngdp: pi = 0,60 + 0,63 

khi /3>24° 

- Chay kh6ng ngdp: pi - 0,5 + 0,4 sin 2 (3 

- Chay ngdp: pi = 0,52 + 0,4 sin 2 (3 
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+ T£m chSn dat nghi6ng (Ffinh 9-8): 

a 

e, <p deu phu thuoc vao goc nghidng va d6 mo —. M6t each gSn dung co 

H 

th£ l£y (p = 0,97 va s theo bang: 








III. CHAY QUA CONG NGAM 

Nhidu c6'ng diroi de, dap, dudng c6 mat cat khep kin. Hinh dang mat cat 
thudng la tron hoac chtr nhat tren dinh co tran phlng hoac vom, chidu dai than 
cd'ng kha ldn, ta goi la cong ngam. 

Co the co 3 hinh thirc sau day. 

+ Khi ta'm chan cua cong dirge keo ldn khoi mat nude (met het), cao trinh 
mire nude trirdc cd'ng (VMNTC) va cao trinh muc nude trong edng (VMNTGC) 
deu tha'p hon cao trinh dinh cong (VDC) thi che do chay trong cong la chay 
khong dp. 

+ Khi dong chay d&y mat cat cd'ng thi chd do chay la chay eo dp. 

+ Khi VMNTL ngap dinh cd'ng nhung dong chay sau cua cd'ng van tha'p 
hon dinh cd'ng, co mat thoang thi trong cong co hai chd do chay, phan trude la 
co ap, con phdn sau la khong ap. Ta goi la cong chay nua dp. 

- Che dd chay khdng ap da dugc xet trong chuong dap tran, a day ta chi 
xet chd dd chay nita dp va chay t o dp. 

- Vd co ban ta phai dua tren cac ket qua nghidn cuu vd chay qua 16 dudi 
ciira cd'ng het (do'i vdi chay nda ap) va chay qua vdi (dd'i vdi chay co ap). Didu 
khac nhau d day la phai xet chi tiet anh hudng cua chieu dai cd'ng, dd doc va do 
nham than cd'ng. 

1. Oieu kien chay ntira ap va chay co ap 

Khi gap mdt cong co muc nude thuong luu ngap dinh cd'ng, ta din xac 
dinh luc nao cd'ng lam viec vdi che dd chay nira ap, luc nao co ap. Di6u nay hd't 
sue quan trong vi hai chd do chay do co cong thuc tinh toan khac nhau va vi 
mdi che dd chay co nhOtng didi kidn lam vide khac nhau cho cong trinh ve 
nhidu mat: on dinh, chd'ng chan ddng, chd'ng tham... 

Nguydn tdc xac dinh chd' dd chay trong cd'ng rdt don gian: chi can ve 
dudng mat nude trong mot long cd'ng khdng co trdn tuctng ting, neu dudng mat 
nude do vuot qua trdn cd'ng thi cd'ng la chay co ap (Hinh 9-9), neu khdng thi la 
chay nda ap (Hinh 9-10). 

Ddi vdi cd'ng co mat cat khdng phai la chd nhdt thi hien nay chua co nhidu 
kd't qua nghien cuu chtnh xac nen cung co the My gin dung nhu cd'ng co mat 
cdt hinh chu nhat. 
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Hinh 9-9. Chdy co dp 



Hinh 9-10. Chdy nua dp 

Ta phan tfch hidn tudng chay d 6 xac dinh che dd chay co ap hay nua ap 
trong cac trudng hop sau day: 

1.1. h n > d, dd sau ha liru d cua ra cao hon dinh cong (Hinh 9-9) 

Noi chung la chay co ap, cua ra bi ngap. 

Chi la chay nua ap trong trudng hop cd'ng ngan va cdt nudrc H Ion dong 
chay xiet phong ra ngoai cifa cd'ng, dd sau d cua ra la h, < h k va dd sau lidn hidp 
vdi h , la h r Idn hon dd sAu ha luu h n : h“ > h„. 

1.2. h n < d, do sau ha luu thap hon dinh cong 

+ Trudng hop i > i k (Hinh 9-11) 

Noi chung la chay nua ap, dong chay sau mat cat co hep se theo dudng 
nude dang c„. Chi co ap khi dudng nude ding c„ vd den cu6'i cd'ng tai mat cat 
(r-r), co dd sau h, ldn hon chidu cao cd'ng : d < h,.. 
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VS/S/S/S/S/S/J'SJ. 


'/// 

C 


■ 'k 

L < L, 


f/S/SMZYSs 


'////////////' 


Hinh 9-12. Trudng hap 0 < i < i k 
Cdng chay nura ap trong hai trucrng hop: 

* Khdng co nude nhay trong cong (Hinh 9-13), dong chay trong cong hoan 
toan la nude chay xid't theo dudng c, hoac c a . 


176 




















Hinh 9-/5. Trudng hap khong co nude nhay 


* Co nude nhay trong edng (Hinh 9-14) nhutig do s&u sau nude nhay vin 
tha'p hon dinh cong h < d. 


Cdng chay co ap ndu co nude nhay trong edng va dd s&u sau nude nhay cao 
hem dinh edng (nude nhay gia dinh tuong dng vdi trudng hop edng co trin — 
Hinh 9-15). 



Hinh 9-14. Trudng hap co nude nhay 


12.GTTL-A 
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Hinh 9-J5. Nude nhdy gia dinh 

Do do, mu6n biet che dd chay trong c6'ng co / < i k ta cSn bi6't vi tri cua 
niroc nhay va chi6u s4u sau nude nhay. 

Xet stf noi ti6p theo hinh 9-16: 

Trade nir6c nhay la doan chay xiet c, hoac f a , sau nude nhay la doan chay 
6m theo h, hoac b a bat diu tir 2 - 2 va tan cung la h, b cua ra. 

Do sau h,. lay theo: h, = h n neu h n > h k 
va h, = h k neu h„ < h k 











Cach xac dinh vi tri nude nhay: 

4 - Ve dudng c, hoac c a bat d£u tir c- r 

+ Ve dudng e- e co do sau lidn hiep vdi dudng c, (hoac c 0 ) bang each lay 
mdt so diem tren dudng c, va tinh ra dd sau lidn hiep tuong utig. 

+ Tinh tien dudng e- e ve phia ha luu mot doan bang chidu dai nude nhay 
L„ dupe duemg/-/ - . 

+ Ve dudng h, (hoac b 0 ) bat dau tir cua dudi cong co do sau h, va ve ngupc 
len phfa dau edng. Dudng b, nay cat dudng /-/tai diem 5 co do sau h Do 
chinh la dd sau sau nude nhay co the xay ra trong cong. 

Neu h < d thi cdng'chay nira ap, 2-2 chinh la vj tri thuc t6 cua mat cat sau 
nude nhay. 

Ndu h > d thi cong chay co ap (thuc td khong co nude nhay nira). Trudng 
hop nay thudng gap horn. 

Viec xac dinh nhu tren thudng mang y nghTa ly lu&n. Trong thuc te vi dd 
sau phan gidi thudng Idn horn hoac gan bang chidu cao cong, con dd situ sau 
nude nhay h thudng Idn hon chi6u cao cong, tire la ndu da co nude nhay thi 
trong cd'ng thudng la chay co ap. Do vay, ngudi ta thudng dung chi tieu trong 
edng co nude nhay.hay khdng di phan biel cong chay co ap hay nira dp. Cung 
nhu doi vdi cd'ng chay khdng ap d day ta cung phan bidt edng dai va edng ngln: 

+ Cong ngSn (Hinh 9-17) la cong khdng co nude nhay trong cong khi cua 
cd'ng dupe md hel (khi h, < h k va v5n < d). 

+ Cong dai (Hinh 9-18) la cong co nude nhay trong cong. Dudng nude 
dang c, hoac c„ cua edng dai kc't thuc trong pham vi long cong hoac dd'n chd 
cham vao dinh cong khi h k > d. Cong dai thudng la chay co ap ngay ca khi muc 
nude ha luu thap (h n < h k ). 

Ta cung cd trudng hpp phan gidi, ma tieu chuan phan gidi la: 

h r = h k (neu h k < d) - (Hinh 9-17); hoac h, = d (neu h k > d) - (Hinh 9-18). 

Tinh L k bang each tinh dong khdng ddu vdi dd sau d diu la h r = ed va dd 
sau d cuoi bang h k (khi h k < d) va bang d (khi d < h k ). Con ! vao xac dinh bang 
cong thuc kinh nghidm. 

Vay : 4 - Cd'ng ngdn la cong cd L < L k ; 

+ Cd'ng dai la cong cd L > L k . 
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Hinh 9-18. Cong dai 

2 . Cong thite tinh cong ngam chay nura ap va co ap 

1. Chdy niia dp (Tinh nhir cdng ha): 

+ Chay kh6ng ngap: 

Q = qxo c pg(H 0 -h e ) (9-15) 

+ Chay ngap: 

Q = (pco c V 2g{H 0 - h z ) (9-16) 

Khac vdi chay ha la Crong khi tinh h. theo (9-9) thi phai thay h k bang h x tai 
mat cat c- c cua dong khong ddu trong cdng. Do sau h x duac xac dinh bang 
each ve dudng mat nude tut cufa ra nguac 16n cua vao den c- c vdi h, la: 
h,. = hf. khi h n < h L . va h, = h n khi h„ > h k 
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Vciri z la chdnh lech muc nuctc thuong ha luu khi muc nude ha luu ngap qua 
1/2 chidu cao cira ra; 

Va z la c6t nude thuong luu so vdi ta'm cira ra neu muc nude ha luu thtfp 
hem 1/2 chilu cao cua ra. 

Vay (9-17) co th£ viet thanh: 

+ Khi h„ > d/2 (Hinh 9-19): 

Q = (p c co^2g{H 0 + IL - h „) (9-18) 

+ Khi h n < d/2 (Hinh 9-20): 

Q = <p c o 

Trong do: 


2g\H 0 +iL-- 


(9-19) 




Hinh 9-19. Khi h„ > d/2 
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Z n -H n + iL - 

2 


'*/////////////////////////////////////////7fyj. 

Hinh 9-20. Khi h. < d/2 


7177777m 


IV. VI DU - BAI TAP 
Vi du 9-1 

Tfnh lull lugng Q chay dudi cua co'ng phang vdi H = 2,5m, v 0 »0, a = 0,5, 
h h = 2m, h - 2,8m, <p - 0,9. 

Gidi: 

v a &0 d§n den H c = H 


Tra bang phu luc; e = 0,62 
h, = £a = 0,62 x 0,5 = 0,31m 
h''= v t H = 0,534 x 2,5 = 1,335m 
h r < h h cong c 1 trang thai chay ng£p: 

Q = <penb^2g(H -h,) 



K-M 


H 


A/'' 
4 , 



M ~ 4s 2 (p 2 a 2 


KK 


4 x 0,62 x 0,9 2 .0,5 2 - — = 0,85 
2x31 
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h. = J2 3 - 0,85 


2,5 - 


0,SJ''l 0,85 

4)2 


= 44 - 1,944 + 0,425 = 1,86m 
Q = s<pabj2g{H-h t ) 

= 0,62 x 0,9 x 0,5 x 2,8 x 4,43^2,5 - 7,55 - 2,76'”% 

Vi du 9-2 

Tfnh d6 cao mo cong a de thao luu Itfang 2,25m 3 Is dirdi cua c6'ng phing 16 
thidn vcfi H a - 2,5m, b = 4,5m, h h = 2m, cp = 0,95. 

Gidi: 

Xac djnh chd d6 chay: 

q 2,25 




= 0,133 


. $ pH ' 2 4,5 x 0,95(2,5 J 

t, = 0,035 

r' = 0,31 ; /*; = HX = 0,31 x 2,5 = 0,775 

/i" < h h v4y c6'ng chay ng4p. 

V$y h c ~ ea = - , — p 

(pb^2g{H o -h 2 ) 

Ta phai tfnh h z theo c6ng thi'rc: 


+ AyjH 0 -h z ~B-0 


A -2 j—x acpq = 2. 

g 


^ x 1 x 0,95 x —— = 0,42m^ 


9,81 


4,5 


B 


2x7x2>25 - 


g h > 


9,8 lx: 2x4,5' 


= 4,025m 2 
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Thay vao phuong trinh tr6n giai ra dupe: 
h.= 1,95 

2 25 

h = ea = - = = 0,16 

0,95 x 4,5 x 4,43^2^5 - 7,95 


T 


c 


h c _ ea 

77 ” 77 


0,16 

2,5 


0,064 


a 


Tra bang phu luc dupe — = 0,1 


V&y a - 0,1H = 0,1 x2,5 = 0,25m 

Vi du 9-3 

Tinh dp sau H IruPc cPng phing 16 thiPn veri b - 5,0m, a = 0,8m. BiPt luu 
lupng Q — 10 m 3 /s, h h = 2m, cp = 0,95. 

Gidi 

Xac dinh che dp chay: 

Gia thiPt e = 0,625 
11= ea = 0,625.0,8 = 0,5m 

q = = — = 2 m 2 /s 

b 5 



1 + 8 



1 


05 

2 


1 + 8 


2 2 


9,81.0,5 2 


= 1,04m 


h" c > h h - chay ngSp sau cP'ng. 

Q = £(pab - O 


H o=~J±J 


-h 

(p'e'a 1 2g z 
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/*.= ih h - X bkZbs. 

s KK 


= J2 _2 1 2 L 2-0 1 __ 
9,81 2x0,5 


__ z_ _ 

° 0,95 2 x0,625 2 x0,8 2 x 19.62 

= 2,57m 

Tmh lai d6 ki^m tra gia thiet e = 0,625. 

a a 0,8 n 

— »-=-- 0,31 

H H 0 2,57 

Tra bang phu luc c 6 s = 0,626 


1,67 


Nhu vay e„ & e yJ 


H=H + aV ° 


2g 


H = H 


O 


av 


2g 


= 2,57 


Q 3 l 
ipH 0 y 2g 


= 2,54m 


Vf du 9- 4 

Cd'ng la'y mr6c qua than dap d£t mat cat tron, ducfng kmh d = 1,5m, dai 1 
= 50m (k£ tit cira cd'ng ddn cda ra), n = 0,014, day nam ngang i = 0. Tmh 
luru lirqrng Q khi met edng hokn tokn. H = 10m, h n = 1. Ch£ dd chay cho bid't 
la nua ap. 

Gidi: 

Q = <p.a c .JIg(H~-hJ 


h c = e.a lay theo hinh chir nhat H c = 10m, a = d = 1,5m. 
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— = — = 0,15 
H_ 10 


Theo bang phu luc 10: e = 0,618 


Tra bang phu luc: 


h c - s.a = 0,618x1,5 = 0,927m 

s KJ^l^om 

c d 1,5 


m = ~ = 0,51 
d 2 

a> c = m.d 2 = 0,51.1,5 2 = 1,15m 


Q = <p<D c .j2g(H 0 -h c ) 

= 0,95.1,15 . 4,43yfll0^907) = 14,73m 3 / s 

Vi du 9- 5 

C6'ng tron dudi dd dai L = 160m, d = 1,50m, b = 1,2m, n = 0,014, i = 0. 
Xac dinh hinh thirc chay va chidu cao c6t nude H D trudc cd'ng khi mo van hoan 
toan Q = 8m 3 /s, h n = 2m. 

Gidi: 

O 8 

H n > d se 1& chay ngap n£u h r > d, q = — = — = 6,67m 2 /s 

b 1,2 


aq- J6J67- 




= 2,13 > d 


Gia thid't e = 0,62 h c = e.a = 0,62.1,5 = 0,93m. X£c dinh chi£u dai doan 
nude d&ng c 0 tir cc den h = h d = d. 

/ . 3=h + ^L 

cd i-J i-J ' c c 2g 

= 0,93 + 2,62 = 3,55m 
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3,= h d + ^ = 1,5 + 1,45 = 2,95m 

2g 

j = ^±L 
2 



44,5 

2624 


= 0,017 


J* 



7 = 0,003 


j _ qm7_+o^o3 

2 


= 0,01 


2,95 - 3,55 

- 0 , 0 / 


= 00m 


/.j < L dong chay trong c6ng la chay ng&p khi h h > d 

Q = (p c .co 42 g{H^h^ 


<Pc = 


I£ + 


2gl 

C 2 /? 


/ 4 - 0,5 


2x9,81,100 

(9iif 


= 0,75 


0 " pV2g 0,503.3,24.19,62 


■ = 1,76m 


H c = 1,76+ h n = 3,76m 

fldi tap 9-1 

Xac dinh liru luong Q chay dvrdfi cua cd'ng phang H = 2m, v e = 0,75 m/5, a 
0,7m, b = 3m, <p = 0,95, h h = 1,2m. 

Dap s 6: Q = 7m 3 Is 
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Bdi tdp 9-2 

Tmh dd cao md c6'ng a d6 thcto luu luong Q = 6m 3 Is dudi cira cdng phSng 
16 thidn vdi H 0 = 4m, b = 3m, h h = 1,5, (p = 0,95. 

Dap so: a = 0,4m 

Bdi tap 9-3 

C6'ng chiir nhat b = 4m, cua c6ng mb cao a = 0,6m, luu luong Q - 8m 3 ls. 
Tmh dd s&u trudc cd'ng, bidt h h - 1,5m, cp = 0,95, B„ = 6m. 

Ddp s6': H = 2,4m 

Bdi tdp 9-4 

Cdng ll'y nude duefi dap mat cat chuf nhat co b = 1,2m day nim ngang i = 
0, d = 1,6m, b = 250m, bang bd t6ng n = 0,014, luu luong Q = 14,5m 3 Is khi 
md toan bd edng, H = 10m, h„ = 1,4m. Xac dinh che dd chay. 

Dap sd: h„ < d - dong chay trong cong Id nvta dp. 
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PHU LUC 1 

Ton that cue bo trong ong co £p 























5) Tri- so C, phu thutic duting kinh 6ng khi ngoat d6t ng6t vtii goc a = 90° 
(H.PL1-5) 


Outing kinh ong d, mm 

20- 

25 

34 

39 

49 

He so ton that C, 

1.7 

1,3 

1,1 

1,0 

0,83 



C la he s6' sue can khi a = 90° 

~ d 

Bang cho ^ khi goc ngoat la 90° vtii cac ty so ^ khac nhau. 


fl 



0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 






0,29 ^ 

0,44 

0,66 

0,98 

1,41 



j 

7) Tri s6'he so ton th£t cue b6 ^ phu thuoc theo d6 mo khoa —3— va 

d 

^ (H. PL 1-6) 
nd (0 

4 
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0,948 0,856. 


6 

7 

8~ 

1 

00 


5 0,159 


97,8 


V/////////// '//////i 


Hinh PL1-6 


8 ) Tri s 6 £ cua van (H. PL 1-7) 

a).. T .. 




Hinh PLI-7 

a- van nho, true thdng dung, £=3 + 5,5 
h- van nho, co true nghieng, £= 1,4 + /,85 

9) Tri s6 hd so ton that cue bo C, cua khoa hinh d!a phu thuoc goc a 
(H. PL 1 - 8 ). 
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Hinh PLI-IO 


2) Tri so he so C doi vdi van one co lucri (H. PL1-11). 


• a O O O 

• o o O O 

• o o O O 
*oo CO 

• oo DO 


O O or o » 
O O o o * 
O O 0 o • 
O O O o ♦ 
Oo Oo# 


Hinh PLJ-11 


13) Chac ba hop nhanh (H. PL1-12): co, = a> 2 . H6 s6' tdn'that <^ 2 . 3 va Q_ 3 
duoc ti'nh theo t6n that cot ap h, M ( khi dong chit long chay tir mat cit 2-2 ddn 
mat cSt 3-3: 


£•> 3 = 


V' * 

= 


Oz % 
Q 3 co. 


d day, <^,. 3 dirpe cho san trong bang PL 1 -1, phu thuoc ty s6' to 2 /ra 3 va Q 2 /Q 3 
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Bang PL1-1: Gia tri he so ton that ^ 2 ., doi vdi chac ba hop nhanh 



q 2 / q . 

“3 

0.1 _| 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1.0 

0,09 

- 0,50 

2,97 

9,90 

19,70 

32,40 

48,80 

66,50 

86,90 

110,00 

136,00 

0,19 

- 0,53 

0,53 

2,14 

4,23 

7,30 

11,40 

15,60 

20,30 

25,80 

31,80 

0,27 

- 0,69 

0,00 

1,11 

2,18 

3,76 

5,90 

8,38 

11,30 

14,60 

18,40 

0,35 

- 0,65 

- 0,09 

0,59 

1,31 

2,24 

3,52 

5,20 

7,28 

9,23 

12,20 

0,44 

- 0,80 

- 0,27 

0,26 

0,84 

1,59 

2,66 

4,00 

5,73 

7,40 

9,12 

0,55 

- 0,83 

- 0,48 

0,00 

0,53 

1,15 

1,89 

2,92 

4,00 

5,36 

6,60 

1,00 

- 0,65 

- 0,40 

- 0,24 

0,10 

0,50 0,83 

1,13 

1,47 

1,86 

2,30 


He so (fin that C|. f va diroc tinh theo r6n th&t c6t ap h n khi dong chat 
long chay lit mat cat 1-1 den mat cat 3-3 (H.PL1-12). 


r _ 
S]-.! - 


r _ 

Sm - 


a day, u, 5 diroc cho san trong bang 
PL 1-2, phu thnoc ty so Q,/Q,. 


; v« t o o,; Q i 
! 90°' 


v 2 ;ci21Q? 
Hinh PL1-12 


•vjioij.Q, 



Bang PL1-2: Gia tri he so ton that C,., doi vdi chac ba hop nhanh 


0,70 0,64 0,60 I 0,65 0,75 0,85 0,92 0,96 9 1,00 
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14) Chac ba phan nhanh (H. PL 1-13); to, = o> v Hd s 6 tdn that C, ul va £|. 2 
dirge tmh theo t 6 n that c 6 t ap h n khi dong chat long chay tir mat cat 1-1 ddn 
mat cat 2 - 2 : 



co 2 

ct day, C, n (i dirge cho trong bang PL 1-3, phu thuoc ty sb — va Q 2 /Q, (cac ky 
hieu ghi tren htnh ve). 1 

He s 6 ton that va dirge tmh theo tcin that c 6 t ap h„ khi dong chat 
long chay tir mat cat 1-1 dd'n mat cat 3-3 (H. PL1-13). 


> v,: Q 




t 


v 3 :coi; Qj 


v,:o),:Q 2 
Hinh PL]-13 


Bang PL1-3: Gia trj he so ton that doi vdi chac ba phan nhanh 


<0 2 

q 2 

Qi 

©1 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

0,09 

2,80 

4,50 

6,00 

7,88 

9,40 

11,10 

13,00 

15,80 

20,00 

24,70 

0,19 

1,41 

2,00 

2,50 

3,20 

3,97 

4,95 

6,50 

8,45 

10,80 

13,30 

0,27 

1,37 

1,81 

2,30 

2,83 

3,40 

4,07 

4,80 

6,00 

7,18 

8,90 

0,35 

1,10 

1,54 

1,90 

2,35 

2,73 

3,22 

3,80 

4,32 

5,28 

6,53 
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0,44 

1,22 

1,45 

1,67 

1,89 

2,11 

2,38 

2,58 


3,84 

4,7! 

0,55 

1,09 

1,20 

1,40 

1,59 

1,65 

1,77 

1,94 


2,68 

3,31 

1,00 

0,90 

1,00 

1,13 

1,20 

. 1,40 

1,50 

1,60 


2,06 

2.3! 


IL VI 1-^2 

2g 2g 1 Q, ) 


a day, ^|_ 3 dirge cho s&n trong bang PL 1-4, phu thubc ty s6' Q 3 /Q 


Bang PL1- 4. Gia tri he so ton that £,. 3 doi vdi chac ba ph&n nhttnh 


Q 3 

Q, 


0,1 


0,2 


0,3 


0,4 


0,5 


0,6 


0,7 


0,8 


0,9 


1,0 




0,70 


0,64 


0,60 


0,57 


0,55 


0,51 


0,49 


0,55 


0,62 0,70 



























PHL LUC 3 

Tri so he C theo cong thufe Manning 

C = — R 1/6 

■ n 


n 

R, 

0,010 

0,013 

0,014 

0,017 

0,020 

0,025 

0,030 

0,035 

0,040 

0,05 

60,7 

46,7 

43,4 

35,70 

30,40 

24,3 

20,2 

17,3 

15,2 

0,06 

62,6 

48,1 

44,7 

36,8 

31,3 

25,0 

20,9 

17,9 

15,6 

0,07 

64,2 

49,4 

45,9 

37,8 

32,1 

25.7 

21,4 

18,3 

16,0 

0,08 

65,6 

50,5 

46,9 

38,6 

32,8 

26,3 

21,9 

18,8 

16,4 

0,10 

68,1 

52,4 

48,7 

40,1 

34,1 

27,3 

22,7 

19,5 

17,0 

0,12 

70,2 

54,0 

50,2 

41,3 

35,1 

28,1 

23,4 

20,1 

17,6 

0,14 

72,1 

55,4 

51,5 

42,4 

36,0 

28,8 

24,0 

20,6 

18,0 

0,16 

73,7 

56,7 

52,6 

45,3 

36,8 

29,5 

24,5 

21,1 

18,4 

0,18 

75,1 

57,8 

53,7 

44,2 

37,6 

30,1 

25,0 

21,5 

18,8 

0,20 

76,5 

58,8 

54,6 

45,0 

33,2 

30,6 

25,5 

21,8 

19,1 

0,22 

77,7 

59,8 

55,5 

45,7 

38,8 

31,1 

25,9 

22,2 

19,4 

0,24 

78,8 

60,6 

56,3 

46,4 

39,4 

31,5 

26,3 

22,5 

19,7 

0,26 

79,9 

61,5 

57,1 

47,0 

39,9 

32,0 

26,6 

22,8 

20,0 

0,28 

80,9 

62,2 

57,8 

47,6 

40,4 

32,4 

27,0 

23,1 

20,2 

0,30 

81,8 

63,0 

58,4 

48,1 

40,9 

32,7 

27,3 

23,4 

20,4 

0,35 

83,9 

64,6 

59,9 

49,4 

42,0 

33,6 

28,0 

24,0 

21,0 

0,40 

85,8 

66,0 

61,3 

50,5 

42,9 

34,3 

28,6 

24,5 

21,4 

0,45 

87,5 

67,3 

62,5 

51,5 

43,8 

35,0 

29,2 

25,0 

21,9 
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0,50 

89,1 

68,5 

63,6 

52,4 

44,5 

35,6 

29,7 

25,5 

22,3 

0,55 

90,5 

69,6 

64,6 

53,3 

45,3 

36,2 

30,2 

25,9 

22,6 

0,60 

91,8 

70,6 

65.6 

54,0 

45,9 

36,7 

30,6 

26,2 

23,0 

0,65 

93,1 

71,6 

66,5 

54,7 

46,5 

37,2 

31,0 

26,6 

23,3 

0,70 

94,2 

72,5 

67,3 

55,4 

47,1 

37,7 

31,4 

26,9 

23,6 

0,80 

96,4 

74,1 

68,8 

56,8 

48,2 

38,5 

32,1 

27,5 

24,1 

0,90 

98,3 

75,6 

70,2 

57,8 

49,1 

39,3 

32,8 

28,1 

24,6 

0,00 

100,0 

77,0 

71,4 

58,8 

50,0 

40,0 

33,3 

28,6 

25,0 

0,10 

101,0 

78,2 

72,6 

9,8 

50,8 

40,6 

33,9 

29,0 

25,4 

1,20 

103,1 

79,3 

73,6 

60,6 

51,5 

41,2 

34,4 

29,5 

25,8 

1,30 

104,5 

80,4 

74,6 

61,5 

52,2 

41,8 

34,8 

29,8 

26,1 

1,50 

107,0 

82,3 

76,4 

62,9 

53,5 

42,8 

35,7 

30,6 

26,8 

1,70 

109,3 

84,1 

78,0 

64,3 

54,6 

43,7 

36,4 

31,2 

27,3 

2,00 

112,3 

86,3 

80,2 

66,0 

56,1 

44,9 

37,4 

32,1 

28,1 

2,50 

116,5 

89,6 

83,2 

68,5 

58,3 

46,6 

38,8 

33,3 

29,1 

3,00 

120,1 

92,4 

85,8 

70,6 

60,0 

48,0 

40,0 

34,3 

30,0 

3,50 

123,2 

94,8 

88,0 

72,5 

61,6 

49,3 

41,1 

35,2 

30,3 

4,00 

126,0 

97,0 

90,0 

74,1 

63,0 

50,4 

42,0 

36,9 

31,5 

5,00 

130,8 

100,0 

93,4 

76,9 

65,4 

52,3 

43,6 

37,4 

32,7 

10,00 

146,8 

112,9 

104,8 

86,3 

73,4 

58,7 

49,0 

41,9 

- 
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PHU LUC 4 

He so A, doi voi ong tron phu thuoc dirorog kinh d va he so nham n 
khi C tmh theo cong thufc cua Vien si N. N . Pavoldpski 


d (mm) 




n 


0,011 

0,012 

0,013 

0,014 

0,015 

200 

0,021 

0,026 

0,033 

0,039 

0,050 

300 

0,019 

0,024 

0,029 

0,035 

0,044 

400 

0,017 

0.022 

0,026 

0,033 

0,039 

500 

- 0,016 

0,020 

0,025 

0,030 

0,036 

600 

0,016 

0,019 

0,024. 

0,028 

0,034 

700 

. . 

0,015 

0,019 

0,023 

0,027 

0,032 

800 

0,015 

0,018 

0,022 

0,026 

0,031 

900 

0,014 

0,017 

0,021 

0,025 

0,029 

1.000 

0,013 

0,017 

0,020 

0.023 

0,028 

1.200 

0.013 

0,016 

0,019 

0,022 

0,026 

1.500 

0,012 

0,015 

0,018 

0,021 

0,025 

2.000 

0,011 

0,014 

0,016 

0,019 

0,022 

2.500 

0,011 

0,013 

0,015 

0,018 

0,021 

3.000 

0,010 

0,012 

0,014 

0,017 

0,020 


202 






PHU LUC 5 

Tri so dac trimg Imi luqmg K = to C VR cua cac ong dan nirdc co tiet dien 
tron khi tmh theo cong thurc day du cua N.N. Pavo lopski 


C= — R y ; y = f(n, R) (dung cho he met) 
R 


Oudng kfnh 

d (m) 

Dien tich 
co (m*) 

Trj so dac trung luu ludng K (m 3 /s) vdi cdc trj 
so he so nham n khac nhau 

0,011 

0,020 

0,030 

0,040 

1.0 

0,7854 

29,806 

14,707 

8,934 

. 6,185 

1,5 

1,7672 

86,664 

44,307 

27,638 

19,716 

2,0 

3,1416 

184,573 

96,618 

61,747 

44,644 

2,5 

4,9087 

328,123 

174,196 

112,663 

82,338 

3,0 

7,0690 

535,31 

288,90 

188,636 

140,02 

3,5 

9,6210 

801,70 

436,92 

288,762 

215,18 

4,0 

12,566 

1140,00 

628,32 

418,67 

314,16 

5,0 

19,635 

2049,87 

1142,71 

707,21 

582,86 

6,0 

28,274 

3311,98 

1865,37 

1270,16 

969,02 

7,0 

38,484 

4961,79 

2813,88 

1926,71 

1479,88 

8,0 

50,266 

7052,81 

4025,73 

2766,80 

2133,78 

9.0 

63,617 

9609,39 

5501,31 

3795,18 

2935,30 

10,0 

78,540 

12702,26 

7032,86 

5051,05 

3918,91 

12,0 

113,097 

20427,94 

11798,90 

8198,57 

. 6359,27 

14,0 

153,938 

30628,30 

17703,39 

12320,40 

9585,74 

16,0 

201,062 

43469,17 

25132,50 

17532,43 

13632,00 


203 



PHU LUC 6 

Bang tmh cac ong d£n nude. Trj so dac trimg liru luomg K= <dC Vr 
cua cac ong dan nude khi C tmh theo cong thufc cua Manning 


C = — R l/6 (Dung cho h£ thtfng met) 
n 


d, (mm) 

a , (m 2 ) 

K,(1/s) 

Ong sach 

C 0 =l =90 
n 

(n <s 0.01) 

Cac dieu kien 

tinh toan binh 
thudng 

C 0 = 1 = 80 
n 

(n * 0,0125) 

Ong ban 

C 0 = 1 =90 
n 

(n » 0,0143) 

50 

0,00196 

9,624 

8,460 

7,403 

75 

0,00442 

28,37 

24,94 

21,83 

100 

0,00785 

61,11 

53,72 

47,01 

125 

0,01227 

110,80 

97,40 

85,23 

150 

0,01767 

180,20 

158,40 

138,60 

175 

0,02405 

271,80 

238,90 

209,00 

200 

0,03142 

388,00 

341,10 

298,50 

225 

0,03976 

531,20 

467,00 

408,60 

250 

0,04909 

703,50 

418,50 

541,20 

300 

0,07068 

1 . 144 . 10 3 

1 . 006 . 10 3 

880,00 

350 

0,09621 

1 . 726 . 10 3 

1 , 517 . 10 3 

1 . 327 . 10 3 

400 

0,12566 

2 . 464 . 10 3 

2 . 166 . 10 3 

1 . 895 . 10 3 

450 

0,15904 

3 . 373 . 10 3 

2 , 965 . 10 3 

2 , 594 . 10 3 

500 

0,19635 

4 , 467 . 10 3 

3 . 927 . 10 3 

3 , 436 . 10 s 
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600 

0,28274 

7 , 264 . 10 s 

6 , 386 . 10 s 

5 , 587 . 10 s 

700 

0,38435 

10 , 96 . 10 3 

9 , 632 . 10 s 

8 , 428 . 10 s 

750 

0,44179 

13 , 17 . 10 s 

11 , 580 . 10 s 

10 , 13 . 10 s 

800 

0,50266 

15 , 64 . 10 s 

13 , 75 . 10 s 

12 , 03 . 10 s 

900 

0,63617 

21 , 42 . 10 3 

13 , 83 . 10 s 

16 , 47 . 10 s 

1.000 

0,78540 

28 . 36 . 10 3 

24 , 93 . 10 s 

21 , 82 . 10 s 

1.200 

1,13090 

46 . 12 . 10 3 

40 , 55 . 10 s 

35 , 48 . 10 s 

1.400 

1,5394 

69 , 57 . 10 s 

61 , 16 . 10 s 

53 , 52 . 10 s 

1.400 

2,0106 

93 , 33 . 10 s 

87 , 32 . 10 s 

76 , 41 . 10 s 

1.800 

2,5447 

136 , 00 . 10 s 

119 , 50 . 10 s 

104 , 6 . 10 s 

2.000 

3,1416 

180 , 10 . 10 s 

158 , 30 . 10 s 

138 , 5 . 10 s 
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1MUJ LUC 7 

Bang tra he so nham n va do nham tuyet doi A cua ong kenh 




Gia tri 

He so nham 

Thur 

tir 

Oac diem cua long din 

do nham 
tuyet doi 

A <U 

N =- 

19,6 



A(m) 


la 

NhCfng be mat rat nhln (mat bang kirn 
loai, mat kinh, co trang men, van ghep can 
than va bao nhin, mat trat xi mang, trat 
can than). 

0,0005 

0,011 

1b 

Mat trdn nhin bang kim loai den, co quet 

0,0005 

0,011 


nhya duPng va mat nhln blng go van bao 
nhln (co trang nhi/a hoac khong). Mat trat 
xi mang rat nhln. 

0,001 

0,013 

2 

Mat kim loai den trong dieu kien binh 

0,0010 

0,013 


thi/dng it chat ban bam vao. Mang go da 
bao dat ngang. Trat xi mang khong cot 
thep. Tam da lat. Lat gach tot hoac tot vCfa. 

0,002 

0,015 

3 

Mang lam bang van chira bao, mang go cu 

0,002 

0,0015 


va ong co ghet ban. Mang be tong co miet 
hoac khong, mat khong nhln, hong, chufa 
nhieu. Do be tong, xay gach khong ky. 

0,005 

0,018 

4 

Kenh deu d8n hoan thanh tot bing.dat 

0,005 

0,018 


set, dat a set ho3c dat khac trong dieu 
kien giCr gin tot, tren mat phu bang Idp bun 
len chat bang phing. Long song bang 
phing dr/di day co cat. Long dan nham 
blng be tong (phun xi mang, nhOrng mat 
trat cu da bj huy hoai nghiem trong). Xay 
da hoc Idn rat can than. Xay bang gach da 
cu (da bi vun). Mat bang da da dope gia 
cong tot. 

0,010 

0,020 
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5 

Long dan bang dat thi cong can than, 

0,010 

0,020 


nhumg vue sau co cat va bun nhung dddi 
day khong go ghe r5 ret. L6ng dan bang da 
gan trau va soi, ddong ki'nh cua h6n nho 
hdn 50mm khong miet, long dan bang be 
tong co mSt ngoai nhap, xay bang da hoc 
khong c^n than. Mat xay lat lam can than, 
kenh dao trong da thi cong can than. 

0,020 

0,023 

6 

Long dan bang da gan trau. Long dan 

0,020 

0,023 


bang soi va da't d dddi day co da cuoi tron. 
Oat da khai khan va danh thanh iuong. 
Kenh bang da mat ngoai da gia cong ddn 
gian. Mat xay lat rat can than. 

0,040 

0,027 

7 

Long dan co soi hoac da gan trau trong 

0,040 

0,027 


dieu kien xau. Long dan co da cuoi tron. 
Long dan bang dat da da bi xoi khong deu 
dan. Mat xay lat da cu, da b| hong. Mat lat 
bang da dam co goc nhon (mat lat tho). 

0,080 

0,031 
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PHU LUC 8 

Momen quan ti'nh J 0 (doi vci true nam ngang di qua trong tam C). 
Tea do trong tam z c va dien tfch © cua nhumg hinh phang 
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PHI) LUC 9 

Bang toa d$ duffng cong m|t d£p khong co chan khong 
ve theo phircmg phap Corigiff — Ophixerop 


X 

X =- 

V:i 


Dap loai I 

(kieu Corigiff - Ophixerop) 

D$p loai II kieu Corigiff 

o 



0,1 

0,126 

0,043 

0,2 

0,036 

0,010 

0,3 

0,007 

0,000 

0,4 

0,000 

0,005 

0,6 

0,060 

0,023 

0,8 

0,147 

0,098 

1,0 

0,256 

0,189 

1,2 

0,393 

0,321 

1,4 

0,565 

0,420 

1,7 

0,873 

0,665 

2,0 

1,235 

0,992 

2,5 

1,960 

1,377 

3,0 

2,824 

1,14 

3,5 

3,828 

3,06 

4,0 

4,930 

4,08 

4,5 

6,22 

5,24 



6,58 


210 




PHL LUC 10 

Bang tri so ban kinh noi tiep R & chan dap (*) 


Khi P < 10m, lay R = 0,5P 


5,4 6,5 7,5 8,5 9,5 10,6 11,6 

7,8 8,9 10,0 11,0 12,5 13,3 14,3 

9,7 11,0 12,4 13,5 14,7 15,8 16,8 

11,0 13,0 14,5 15,8 17,0 18,0 19,0 

12,0 14,5 16,5 18,0 19,2 20,3 21,3 

13,0 15.5 18,0 20,0 21,0 22,2 23,2 


PHU Lyc 11 

He so sna chira hinh dang cr hd 


15.GTTL 
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PHU LUC 12 

He so liru I iro n g cua dap thyc dung mat c§t hinh thang 


Dq cao 
tircmg doi 
cua d?p 

doc m4i 

;-~~ 

H? so lira ItroHg m 

S 

thinpig 

tun 

S’ 

ha 

lira 

H/5 > 2 

1 < H/S < 2 

0,5 < H/S < 1 

3 +5 

0,5 

F 0,5 

0,42 t 0,43 

0,38 -t-0,40 

0,35 -e-0,36 


1 

0 

0,44 



2 4-3 

2 






*0 

1 






2 


0,38 



3 

0 

0,42 

0,40 

0,38 

1 -5- 2 

4 

0 

0,41 

0,39 

0,37 


5 

0 

0,40 

0,38 

0,36 


10 

o . 

0,38 

0,36 

0,35 


0 

3 

0,39 

0,37 

0,35 


0 

5 

0,37 

0,35 

0,34 


0 

10 

0,35 

0,34 

0,33 
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3 










50 

120 

464 

491 

518 

545 

573 

0,55 

0,134 

0,481 

0,515 

0,549 

0,583 

0,617 

60 

147 

497 

532 

567 

602 

638 

65 

160 

512 

548 

585 

621 

658 

70 

174 

526 

563 

601 

638 

676 

75 

188 

538 

577 

615 

654 

693 

0,80 

0,202 

0,549 

0,589 

0.629 

0,668 

0,708 

85 

217 

560 

600 

641 

682 

723 

90 

232 

569 

611 

653 

695 

736 

95 

247 

570 

621 

664 

707 

750 

1,00 

263 

585 

629 

672 

716 

759 

1,05 

0,279 

0,591 

0,636 

0,680 

0,724 

0,768 

10 

296 

396 

641 

686 

732 

777 

15 

313 

602 

647 

693 

738 

784 

20 

330 

606 

652 

698 

744 

790 

25 

350 

608 

655 

701 

748 

795 

1,30 

0,370 

0,609 

0,656 

0,704 

0,751 

0,798 

35 

319 

610 

657 

704 

752 

800 

40 

412 

608 

656 

704 

752 

800 

45 

436 

605 

653 

701 

749 

797 

50 

461 

605 

648 

696 

744 

793 

1,55 

0,490 

0,592 

0,640 

0,688 

0,736 

0,785 

60 

523 

579 

627 

675 

723 

771 

63 

546 

569 

616 

664 

711 

759 

66 

574 

553 

601 

648 

696 

742 
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PHU LUC 14 

Bang tri so co hep thang dung e va tinh noi tiep 
sau cira cong voi tam ch3n phSng 


a 

£ 

F (r c ) 

1 C =Z . — 

H 

T’x 

H 

(p =0,85 

(p = 0,90 

<p = 0,95 

<p -1,00 

0,00 

0,611 

~ 

- 

- 

- 

- 


0,10 

0,615 

0,264 

0,062 

0,378 

0,403 

0,427 

0,451 

0,15 

0,618 

0,388 

0,092 

0,445 

0,474 

0,503 

0,531 

0,20 

0,620 

0,514 

0,124 

0.501 

0,534 

0,567 

0,600 

0,25 

0,622 

0,633 

0,156 

0,543 

0,580 

0,616 

0,652 

0,30 

0.625 

0,750 

0,188 

0,576 

0,615 

0,654 

0,603 

0,35 

0.628 

0,865 

0,220 

0,603 

0,644 

0,685 

0,726 

0,40 

0,630 

0,967 

0.252 

0,623 

0,666 

0,708 

0,754 

0,45 

0,638 

1,060 

0,284 

0,638 

0,682 

0,726 

0,771 

0,50 

0,645 

1,182 

0,323 

0,650 

0,696 

0,741 

0,788 

0,55 

0,650 

1,265 

0,356 

0,655 

0,702 

0,749 

0,795 

0,60 

0,660 

1,364 

0,395 

0,657 

0,706 

0,752 

0,800 

0,65 

0,675 

1,457 

0,440 

0.652 

0,700 

0,748 

0,797 

0,70 

0,690 

1,538 

0,482 

0,642 

0,690 

0,738 

0,787 

0,75 

0,705 

1,611 

0,529 

0,624 

0,672 

0,720 

0,768 
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